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The  YHU-IB  was  tested  by  the  Air 
Force  Flight  Test  Center  to  gather 
limited  performance  and  stability  and 
control  data  to  determine  whether  the 
helicopter  will  meet  performance 
guarantees  and  to  insure  that  no  serious 
stability  and  control  problems  exist. 

The  teat  program  consisted  of  18  flights 
totaling  24  hours  and  40  minutes  flight 
time  between  5  October  to  1  November 
1960. 

The  YHU-IB  is  a  single  lifting  rotor 
helicopter  with  a  conventional  tail  rotor 
manufactured  by  the  Bell  Helicopter 
Company.  It  la  powered  by  a  l..ycomlng 
T63-L-5  gas  turbine  engine  with  a  take¬ 
off  rating  of  960  shaft  horsepower.  For 
this  program  the  fuel  control  was  trim¬ 
med  on  the  Lycoming  test  stand  so  the 
engine  produced  a  maximum  of  1100 
shaft  horsepower  when  corrected  to 
standard  sea  level  conditions.  Test 
data  from  torquemeters  showed  that  the 
Installed  engine  was  capable  of  producing 
1085  shaft  horsepower  under  the  same 
cond’.ions.  Production  aircraft  will  in¬ 
corporate  the  T53-L-9  engine  which  Is 
rated  at  1100  shaft  horsepower. 

The  design  gross  weight  of  this 
helicopter  is  6600  pounds.  Overload 
conditions  allow  7660  pounds  gross 
weight  with  all  payload  carried  internal¬ 
ly  and  8500  pounds  with  an  external  load 
During  testing  gross  weight  was  varied 
from  5800  to  7660  pounds. 

The  test  aircraft,  S/N  5i*-2078,  is  a 
modified  HU-1  with  HU- IB  dynamic 


components  such  as  the  rotor  system, 
tail  rotor,  transmission,  etc.  No 
changes  are  programmed  for  the  pro¬ 
duction  HU-IB  aircraft  that  will  aifect 
performance  and  stability. 

The  flying  qualities  of  the  YHU-IB 
are  very  good.  In  general,  the  flying 
qualities  are  improved  over  the  earlier 
HU-1  .lerles.  This  Improvement  stems 
primarily  from  the  absence  of  the 
objectionable  pitch  and  roll  oscillations 
which  were  present  in  the  HU-1. 

Control  sensitivities  are  approximately 
equal,  with  a  small  decrease  in  pitch 
sensitivity  being  apparent  In  the  YHU- 
IB.  Control  response  of  tlie  two  air¬ 
craft  is  approximately  equal  in  pitch 
and  roll,  but  the  HU-1  develops  a 
slightly  greater  yaw  rate. 

Static  and  dynamic  stability  of  the  YHU- 
IB  is  generally  good. 

The  helicopter  meets  all  contractor 
guarantees  for  range,  hovering,  cruise 
speed,  and  service  ceiling.  However, 
it  is  felt  that  fuel  capacity  should  be  in¬ 
creased  over  the  proposed  165  gallons 
to  allow  more  adequate  reserve  for  flight 
under  instrument  conditions .  When 
compared  to  the  HU-1  or  HU-IA  the  YHU- 
IB  has  Improved  altitude  performance, 
cruise  speed,  range  and  load  carrying 
capabilities . 

A  general  reduction  in  vibration  is 
apparent  with  the  YHU-IB.  This  is 
particularly  significant  at  the  higher 
airspeeds . 
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INTRODUCTION 


Tins  report  presents  the  results  of 
the  Category  1  performance,  stability 
anu  control  teats  performed  on  YHU-IB 
S/N  5S-2078.  These  tests  were  con¬ 
ducted  to  determine  if  the  helicopter 
could  Hiee)  performance  guarantees  and 
detsrnnne  if  there  were  any  stability  and 
control  deficiencies. 

The  test  program  w^s  conducted  at 
the  Air  Force  Flight  Test  Center, 

Fdwards  Air  Force  Base,  California 
from  5  October  to  1  November  I960. 
Eighteen  teat  flights  were  made  for  a 
total  flight  time  of  24  hours  and  40 
minutes.  The  aircraft  was  maiitained 
by  the  Bell  Helicopter  Corporation  and 
the  test  Instrumentation  was  Installed 
and  maintained  by  the  AFFTC. 

The  YHU-IB  is  a  single  lifting  rotor 
helicopter  with  a  conventional  tail  rotor 
manufactured  by  the  Bell  Helicopter 
Company,  Ft.  Worth,  Texas.  It  is 
powered  by  a  Lycoming  T53-L,-5  gas 
turbine  engine  rated  at  960  shaft  horse¬ 
power  at  tske-off.  For  the  teat  program 
tlie  engine  fuel  control  was  trimmed  on 
the  Lycoming  test  stand  so  the  engine 
produced  1100  shaft  horsepower.  Install¬ 
ed  in  the  helU:i/pier  tne  engine  war  capable 
of  producing  1085  shaft  horsepower  at 
sea  level  on  a  standard  day  at  maximum 
gas  producer  speed.  Prodictlon  HU-IB 
aircraft  will  be  equipped  with  T53-L-9 
engines  rated  at  1100  horsepower. 

The  design  gross  weight  for  this 
helicopter  is  6o00  pounds.  The  aircraft 
has  an  overload  gross  weight  of  7660 
pounds  with  onl,  an  internal  load  and  a 
capability  of  dSOO  pounds  with  an  external 
load  The  teetering  or  see-saw  type  two- 
bladed  rotor  is  provided  with  a  gyro 
stabiiizing  bar . 


During  testinu  the  gross  weight  was 
varied  from  58UU  pounds  to  7660  pounds 
and  center  of  gravity  position  from  125.0 
inciirs  (forward)  to  138  inches  (aft). 
Flights  will  be  conducted  at  8600  pounds 
during  Category  II  testing. 

T  ie  control  system  is  hydraulically 
boosted  by  a  single  hydraulic  system 
incorporating  irreversible  valves.  An 
artifi.ial  feel  system  for  the  cyclic 
controls  and  pedals  is  provided.  A 
magnetic  brake  t'^^pe  stick  centering 
system  is  provided  to  relieve  control 
forces.  The  longitudinal  cyclic  control 
is  connected  to  the  horizontal  stabilizer 
by  a  push-pull  rod. 


In  this  report,  control  positions  are 
presented  in  the  following  manner: 

1.  Liongitudlnal  and  lateral  cyclic 
displacements  in  inches  fronn  a 
neutral  position  where  the  stick  ij 
perpendicular  to  the  floor.  Full 
travel  from  neutral  is  ^  inches 
for  both  axes . 

2.  Pedal  position  in  inchca  from  a 
neutral  poaitir.n  vdth  pedals  aligned 
fore  and  aft.  Full  travel  is  +3.  5 
inches  from  neutral. 

The  test  aircraft,  S/N  58-2078,  is  a 
modified  HU-1  helicopter.  It  differs 
from  a  standard  HU  -  I  in  the  following 
manner: 


Main  rotor  blade  chord 
Main  rotor  blade  airfoil 
Height  (to  top  of  rotor  mast) 
Transmission  power  limit 
Center  of  gravity  range 
Design  gross  weight 


HU-1  YHU-IB 

)  5  in  21  in 


NACA0015  NACA  0012 

11.5ft  12.5ft 


770  SHP  »t  6400  rpm 

Sta  128. 0  to  Sta 
137,  5 

5725  lb 


1100  SHP  at  6600  rpm 

Sta  125.  0  to  Sta 
138.0 

6500  lb 


Contractor  guarantees  and  specifi¬ 
cations  quoted  in  this  report  are  to  be 
found  in  Bell  Helicopter  Company  re¬ 
port  number  204-947-061A  dated  20 
January  I960,  titled  "Detail  Specifi¬ 
cation  for  HU-IB  Utility  Halicopter" . 

Test  data  was  releassd  to  the 
contractor  as  it  became  available. 

Final  plots  contained  in  Appendix  I  of 
thie  report  were  sent  to  Bell  Helicopter 
Company  on  1  June  1961. 
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PERFORMANCE 
TEST  RESULTS 


COCKPIT  EVALUATION 

The  cockpit  o£  the  HU- IB  is  essentially 
the  same  as  the  HU-IA.  The  major 
difference  's  that  the  instrument  panel 
in  the  HU- lb  is  extended  6  inches  to  the 
right.  This  places  the  instruments  more 
1. early  in  front  of  the  pilot  which  is  con¬ 
sidered  desirable.  The  cockpit  is  easily 
entered  from  either  side  through  wide 
hinged  doors  by  using  the  step  provided 
on  the  forward  end  of  the  skid.  Access 
may  also  be  gained  to  the  cockpit  from 
the  cargo  compartment  by  stepping  over 
the  center  console.  The  collective  pitch 
control  is  a  slight  hindrance  to  normal 
entry  by  the  co-pilot  and  offers  some 
obstruction  to  the  pilot  when  taking  his 
seat  from  the  rear  cabin  area. 

A  wide  console  is  provided  between 
the  pilot  and  co-pilot.  The  feature  of 
functional  grouping  of  switches  and 
controls  in  individual  removable  panels 
is  considered  excellent.  Generally,  the 
instrument  panel  arrangement  is  satis¬ 
factory.  The  overhead  panel  contains 
the  a.c.  and  d.c.  power  control  switches, 
lighting  controls,  miscellaneous  switches 
and  ‘l.j  d.c.  circuit  breaker  panel. 
Operation  of  these  switches  and  breakers 
is  satisfactory;  however,  it  is  necessary 
to  lean  over  and  to  one  side  to  read  the 
identification  markers. 

The  following  d,;ficlencies  which  were 
present  in  the  HU-1  A  still  exist: 

1.  The  pilot  and  co-pllot's  door 
handles  are  poorly  located.  The 
door  handlec  are  behind  the  pilot 
and  are  difficult  to  reach  or 
operate  due  to  the  proximity  of 
the  seat  to  the  door.  The  force 
required  to  operate  the  handle  is 


excessive  and  the  sharp  end  of  the  handle 
digs  into  the  pilot's  hand  when  locking 
the  door.  (A  7)* 

Z.  The  engine  flight  Idle  stop 
release  system  is  unsatisfactor 
T.ie  button  electrically  actual-, 
a  solenoid  to  retract  a  mechanical 
stop.  It  is  possible  to  jam  the 
stop  by  retarding  the  throttle  prior 
to  actuating  the  button.  This  re¬ 
quires  adding  throttle  to  release 
^he  pressure  and  allow  the  solenoid 
to  retract  the  stop.  Retarding  th- 
throttle  while  m.iintaining  pressure 
on  the  button  is  difficult  and  in¬ 
convenient.  In  the  event  of 
complete  electrical  failure,  it  Is 
not  possible  to  shut  down  the  engine 
since  both  the  flight  idle  stop  and 
shut  off  valves  are  electrically 
actuated.  A  positive  mechanical 
flight  idle  stop  should  be  provided 
that  can  be  actuated  by  the  pilot 
without  removing  his  hand  from  the 
throttles.  (A  1) 

3,  The  colHctive  pitch  is  too  low 
when  in  the  lull  "down"  position  for 
starting,  run-up,  or  autorotation. 
During;  autorotation  the  pilot  must 
bend  forward  and  down,  restricting 
his  visibility.  This  condition  is 
more  serious  in  u:e  HU- IB  than  the 
HU-IA  because  of  the  extended 
instrument  panel.  (A  3) 

4.  The  throttle  twist  grip  rotation 
is  excessive.  The  pilot  cannot 
rotate  the  throttle  from  full  open  to 
closed  (full  off)  with  one  normal 
movement  of  his  hand.  Maximum 
allowable  throttle  travel  la  150 
degrees  (HIAD  J,  2-2.  6.  2.1).  The 
HU-IB  throttle  travel  exceeds  this 
by  approximaiely  90  degrees.  (A  2) 

^  Numbers  such  as  (A  7),  etc.,  represent 
corresponding  recommendation  numbers 
tabulated  in  the  Recommendations  section 
of  the  report. 


5.  The  a.c.  circuit  breaker  panel 
located  on  the  Hide  cf  the  console 
is  hidden  b.  the  pilot'*  collective 
pitch  stick  and  is  not  illuminated. 
The  overhead  circuit  breaker  panel 
is  not  illuminated.  The  a.c. 
circuit  breaker  panel  should  be 
relocated  on  the  overhead  panel 
and  illumination  should  be  pro¬ 
vided  for  all  circuit  breaker 
panels .  (A  6) 

6.  The  cargo  doors  should  be 
provided  with  jettison  capability. 
These  doors  open  aft  by  sliding 
on  rollers  and  could  be  jammsi 
in  a  crash  landing.  (B  3) 


ENGINE  START 

Starting  procedure  for  the  gas  turbine 
engine  is  relatively  simple.  During  the 
start,  the  gas  producer  (consisting  of 
the  compressor,  the  combustors  and  the 
compressor  turbine)  rpm  and  exhaust 
g.as  temperature  should  be  monitored 
closely  along  with  the  oil  pressure 
indicators . 

Following  electrical  power  application 
to  start  the  engine; 

1.  Place  the  fuel  valve  switch 
and  oil  valve  switch  in  the  "ON" 
position . 

2.  Check  the  fuel  control  switch 
in  the  automatic  position. 

3.  Place  the  throttle  twist  grip 
in  any  position  between  ground 
idle  and  the  flight  Idle  detent. 

4.  Depress  the  starter  switch 
and  hold  until  28  percent  gas 
producer  rpm  cr  4')0  Jegreea 
Centigrade  exhaust  gas 
temperature  is  reached.  Operation 
of  the  starter  switch  is  restricted 
to  40  seconds.  A  normal  start 
/ill  be  accomplished  in  20  to  25 
seconds . 


Or.  two  occasions  a  gas  proHn.ccr  hang 
up  was  encountered.  During  these  hang 
ups,  the  gas  producer  accelera.ted  to 
ground  Idle  rpm  (42  percent)  as  In  a 
normal  start,  but  the  EGT  continued  to 
rise  to  the  red  line  at  which  time  the 
throttle  was  placed  in  cut-off.  An 
immediate  successful  second  start  was 
made  following  each  hung  start  and  no 
reason  for  t’ne  hung  starts  was  deter¬ 
mined.  This  is  a  potentially  hazardous 
situation  as  the  start  appears  normal  to 
the  pilot  until  the  engine  reaches  ground 
idle  speed  (40  to  42  percent).  It  is 
Imperative  that  the  pilot  monitor  all 
engine  instruments  for  several  seconds 
.^ter  obtaining  ground  idle  rpm  to  insure 
that  the  engine  has  stabllizsd  at  ground 
idle  speed. 

r>'*  aircraft  Is  not  equipped  witli  a 
rotor  brake;  therefor^i,  the  rotor  will 
begin  to  turn  as  the  engine  is  started. 

After  the  engine  reaches  ground  idle, 
the  throttle  Is  rotated  to  the  full  open 
position  and  maintained  in  that  pc  ition 
during  normal  flight.  As  the  throttle  Is 
opened,  the  rotor  will  accelerate  up  to 
the  in-flight  rpm  range  (5800  to  6600 
power  turbine  rpm,  285  to  323  rotor  rpm). 
The  desired  rpm  within  this  rsnpe  is 
selected  by  the  pilot  tlirough  the  use  of 
the  power  turbine  (Ng)  governor  speed 
control  switch  (beep  switch).  No  engine 
or  trunsmiHsion  warm  up  is  required. 


LIFT-OFF 

During  lift-off  an  unsatisfactory  loss 
of  rotor  speed  was  present.  This  loss 
occurs  whenever  collective  pitch  is 
applied.  This  condition  is  discussed 
more  completely  in  the  section  on  rptn 
droop. 

The  helicopter  accelerates  rapidly 
and  smooUtly  from  a  hover  to  climb  or 
cruise  airspeed.  As  translational  lift 
if  reached,  the  amount  of  torque 
correction  or  left  pedal  must  be  reduced. 
This  appears  to  the  pilot  as  a  large 
application  of  right  pedal,  but  is  not 
objectionable  because  the  control  forces 
are  light. 
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HOVEKING  PERFORMANCE 

Hovering  performance  was  determined 
both  in  and  out  of  ground  effect  utilizing 
tethered  hovering  and  free  flight 
techniques.  Data  was  obtained  tethered 
at  a  1  foot  and  a  59  foot  skid  height. 

Rotor  speeds  were  varied  from  285  to 
323  rpm .  Hovering  performance  is 
summarized  in  Fig.  1,  Appendix  I. 

This  summary  plot  is  baaed  on  a  free 
flight  point  at  13,  200  feet  and  tethered 
flight  points  at  2300  feet.  Free  flight 
and  tethered  data  are  presented  nun- 
dimensionally  in  Fig.  2,  Appendix  I. 

The  helicopter  exceeds  the  contractor 
guarantees  for  hovering  celling  out  of 
ground  effect. 

The  test  aircraft  exhibited  a  temper¬ 
ature  rise  at  tlie  engine  bellmouth  of  10 
degrees  Centigrade  above  ambient  while 
hovering  at  the  1  foot  skid  height.  This 
temperature  rise  is  only  2  degrees 
Centigrade  at  59  foot  skid  height.  It  is 
possible  that  hot  exhaust  gases  are  re¬ 
circulated  through  the  engine  when  the 
helicopter  la  hovered  close  to  the 
ground.  As  a  result,  hovering  ceiling 
in  ground  effect  at  the  1  foot  skid  height 
is  decreased  approximately  700  feet  from 
what  it  would  be  if  tlte  temperature  rise 
were  only  2  degrees  Centigrade.  The 
contractor  should  conduct  a  study  to 
determine  whether  this  10  degrees  C 
te’- .perature  rise  can  be  decreased.  (B  4) 

The  YHU-IB  utilizes  the  same  power 
to  hover  out  of  ground  effect  as  the 
YH-40.  Since  more  power  la  available, 
hover  ceilings  are  increased. 


LEVEL  FLIGHT  PERFORMANCE 

Level  flight  tests  during  this  program 
were  performed  at  density  altitudes 
from  4,000  to  14,000  feet.  Gross 
weight  varied  from  5600  to  7200  pounds 
and  rotor  speeds  varied  from  290  to  323 
rprn .  Individual  test  results  are 
pres'  nted  in  Figs.  6  through  12  and 
summarized  in  non-dimensicnal  form 
in  Figs.  3,  4  and  5,  Appendl.x  *. 


Two  tests  were  performed  at  the 
same  weight  and  thrust  coefficient  (Ct  = 
.  G0430)  with  the  center  of  gravity  (eg) 
at  the  most  forward  limit  (125  inch 
station)  and  the  mid  location  (131  Inch 
station).  Center  cf  gravity  location 
apparently  has  a  negligible  effect  on 
power  required.  Further  tests  will  be 
conducted  during  the  Category  II  to 
definitely  establish  the  effect  center  of 
gravity  position  on  power  required. 


Range: 

Range  performance  was  calculated 
from  fuel  flow  data  and  power  required 
curves  obtained  from  level  flight  tests. 

In  making  the  calculations  the  follow¬ 
ing  specifications  for  the  guaranteed 
radius  of  action  were  used.  This  includes 
a  full  payload  of  1230  pounds  carried 
in  both  directions  (crew  Included): 

Engine  start  gross  weight  -  6600 
pounds 

Start  engine  (with  full  fuel  load  of 
165  gallons  =  1072  pounds) 

Warm  up  and  take-off  (fuel  usage 
equivalent  to  2  minutes  at  normal 
rated  power) 

Cruise  out  at  sea  level 

Land  and  shut  down 

Start  engln' 

Warm  up  and  take-off  (fuel  usage 
equivalent  to  2  minutes  at  normal 
rated  power) 

Cruise  back  at  sea  level 

Land  and  shut  down  with  a  reserve 
of  10  percent  of  initial  fuel  load 


5 


Range  summary 


YHU-la  S/N  58-207* 

U.S.  STANDARD  DAY 
CALCULATED  FROM  ItST  DaTA 


CROSS  WEICHT-LB 
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The  range  for  this  mission  is  calcu¬ 
lated  to  be  102  nautical  miles  at  approxi¬ 
mately  120  knots  TA5  and  314  rpm. 

This  meets  the  contractor's  guarantee 
of  100  nautical  miles  at  a  minimum 
cruise  of  100  knots;  however,  these  cal¬ 
culations  do  not  include  the  5  percent 
increase  in  fuel  flow  required  by  Mll^- 
C-5011A.  This  range  is  for  visual 
operation  in  smooth  air  using  test 
instrumentation  and  carefully  controlled 
pilot  technique.  The  YHU-IB  radius  of 
action  Is  increased  approximately  22 
nautical  miles  over  that  of  the  HU-1  at 
sea  level.  This  gain  in  range  is 
primarily  due  to  the  utilization  of  a 
higher  and  more  efficient  cruise  speed 
made  possi'^le  by  lower  vibration  levels 
of  the  YHU-IB. 

The  mission  .-equiruments  state  that 
the  aircraft  be  capable  of  operating  in 
instrument  conditions  including  light 
icing.  The  range  of  this  helicopter  will 
be  seriously  restricted  in  instrument 
flight  as  Army  instrument  rules  require 
sufficient  fuel  to  travel  to  the  destination, 
to  the  alternate  airport,  plus  45  minutes 
of  fuel  reserve  at  cruising  speed.  An 
increased  fuel  supply  would  greatly  ex¬ 
pand  the  capabilities  of  the  helicopter. 

(B  1) 

The  range  summary  figures  shows  a 
comparison  of  specific  range  (nautical 
air  miles  per  pound  of  fuel)  at  sea  level 
and  10,000  feet.  The  values  shov/n  are 
''  )  percent  of  the  maximum  specifics 
calculated  and  the  recommended  true 
airspeed  is  the  highest  of  the  two  air¬ 
speeds  at  which  this  specific  range  value 
occurs  (Reference  MIL-C-501  lA).  For 
the  simulated  miss ion,total  range 
(radius  of  action)  can  be  Increased 
approximately  35  nautical  miles  at 
10,000  feet;  however,  the  aversgo 
cruising  speed  will  he  10  knots  slower 

Rotor  rpm  has  a  negligible  effect  on 
range  at  sea  level  but  a  marked  effect 
on  cruise  speed.  Fcr  liie  described 
mission,  range  is  decreased  less  thaii 
1  nautical  mile  if  323  rpm  or  307  rpm  is 
used,  but  best  cruising  speed  is  re¬ 
duced  to  approximately  1 10  knots  TAS. 
T.i*  higher  rpm  becomes  the  more 
efficient  rotor  speed  above  5000  feet  at 


heavier  weights.  The  summary  range 
figure  shows  a  comparison  of  range  at 
10,000  feet  for  rotor  speeds  of  314  rpm 
and  323  rpm. 


AUTOROTATION,  APPROACH  AND 
LAND  INC. 

Autorotational  entries  were  performed 
with  an  aft  center  of  gravity  at  speeds  of 
90,  100,  and  110  knots  CAS,  and  also  at 
a  forward  center  of  gravity  at  0,  10,  20 
and  30  knots.  For  all  conditions  tested 
the  entry  is  characterised  by  a  mild 
pitch -up  and  a  yaw  to  the  left.  Both  the 
pitching  and  yawing  moments  are  easily 
controlled  .  Quantitative  rates  of 
descents  will  be  determined  during  the 
C'ltegory  II  perfor.nance  test  program. 

Autorotational  approaches  and  landings 
(touchdowns)  were  made  at  gross  v/elghts 
varying  from  6000  to  7200  pounds.  It 
was  determined  qualitatively  that  the 
minimum  airspeed  during  approach  to 
the  flare  and  landing  should  be  60  knots 
LVS  at  gross  weights  greater  than  6000 
pounds.  This  recommended  airspeed 
will  provide  sufficient  rotor  energy  to 
slow  the  rate  of  descent  and  cushion  the 
landing.  A  steep  flare  is  required  to 
stop  the  forward  speed  and  break  the 
r  .te  of  descent.  This  flare  should  be 
Initiated  50  to  75  feet  above  the  ground 
to  avoid  striking  the  tail  boom  on  the 
ground.  As  the  aircraft  is  leveled  prior 
to  ground  contact,  collective  pitch 
should  be  slowly  applied  to  control  the 
rate  of  descent  and  cushion  the  touchdown. 
The  ground  sliding  distance  can  be  re¬ 
duced  if  the  collective  pitch  is  lowered 
af'’er  the  helicopter  is  firmly  on  the 
ground. 

No  control  deterioration  was  noticed 
at  any  time  during  the  teste;  however, 
during  the  flare  at  gross  weights  abov? 
6500  pounds,  rotor  speed  exceeded  330 
rpm.  This  was  the  power  off  limit  during 
the  Category  I  tests.  The  contractor  has 
since  raised  this  limit  to  339  rpm.  The 
feasibility  of  remaining  within  this  limit 
will  be  determined  quantitatively  in  the 
Category  II  test  program. 
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Powe’’  approach  characteristics  are 
normal  for  a  single  rotor  helicopttjr. 

The  HU-lli  is  a  relatively  low  drag 
helicopter  and  consequently  is  difficult 
to  slow  from  cruise  speed  to  final 
approach  speed  Visibility  on  final 
approach  is  good.  The  pilot  can  see 
the  Intended  landing  area  during  all  but 
the  last  20  feet  of  the  approach.  There 
is  no  increase  in  the  vibration  level  as 
the  aircraft  passes  through  translational 
lift.  As  a  hover  is  reached  a  large 
amount  of  left  pedal  is  suddenly  required. 
Landing  from  hover  is  easy  and  the 
helicopter  touches  down  nearly  level  on 
tlie  skids  . 


ENGINE  RPM  DROOP 

The  engine  rpm  droop  characteristics 
of  the  HU -IB  are  excessive.  Whenever 
collective  pitch  is  applied  or  a  flight 
maneuver  executed,  this  droop  causes 
an  excessive  loss  of  rotor  speed.  The 
teat  aircraft  was  originally  equipped  with 
a  standard  HU-IA  droop  compensator 
cam  that  was  not  compatible  with  the 
teat  T53-L-5  engine.  This  cam  was 
removed  and  a  redesigned  model  was 
provided  by  Bell  for  the  last  two  flights. 
This  cam  reduced  the  droop  to  the  level 
of  the  HU-IA  which  amounts  to  a  decrease 
of  10  rotor  rpm  at  lift-off.  The  un¬ 
satisfactory  droop  characteristics  of  the 
HU-IA  are  discussed  in  AFFTC-TR-59-33. 
(A  4) 


The  power  turbine  (N2)  governor 
actuator  rate  Is  too  slow.  The  un- 
aatisfartory  engine  droop  characteristics, 
aggravated  by  the  slow  N2  governor  or 
"beep"  rate,  makes  precision  rotor  rpm 
control  nearly  impossible.  The 
actuator  cannot  correct  rapidly  enough 
for  large,  rapid  collective  pitch 
movements.  The  collective  control 
would  have  to  move  at  an  extremely  slow 
rate  to  maintain  a  safe  rctoi  speed  during 
collective  pitch  changes.  The  present 
beep  rate  takes  approximately  15  seconds 
from  285  rotor  rpm  to  323  rotor  rpm. 
This  time  should  be  reduced  to  a 
maxim  im  of  5  seconds.  (A  5) 


While  this  droop  is  evident  during 
any  power  change  or  aircraft  maneuver 
it  is  unsatisfactory  during  the  lift-off, 
acceleration  tr  forward  flight,  climb 
and  landing  pleases. 

During  lift-off  to  a  hover  approxi¬ 
mately  10  rotor  rpm  (200  power  turbine 
or  N2  are  lost  and  another  10  rotor 

rpm  are  lost  as  collective  pitch  is  added 
to  accelerate  into  forward  Hlght  and 
climb.  In  a  maximum  performance  climb 
at  323  rotor  rpm  (66OO  N2  rpm),  maximum 
available  gas  producer  speed  cannot  be 
obtained.  At  323  rotor  rpm,  Nj  rpm 
was  1I/2  to  2  percent  belcw  the  maximum. 
Maximum  Ni  rpm  can  be  obtained  by 
'eedlng  rotor  speed  to  314  rpm  (N2  = 

6400  rpm). 

When  the  collective  pitch  Is  lowered 
a '.III  a  slight  flare  Initiated  to  slow  the 
aircraft  for  landing,  the  rotor  rpm  will 
overspeed  unless  N2  rpm  Is  beeped  down. 
The  same  condition  U  encountered  when 
a  final  approach  descent  is  initiated.  As 
power  Is  re-applled,  the  governor  setting 
must  be  beeped  up  to  provide  the  desired 
rotor  rpm.  If  the  helicopter  is  hovered 
using  323  rotor  rpm,  the  governor  setting 
must  be  reduced  when  the  collective  pitch 
Is  lowered  to  prevent  overspeeding  the 
rotor. 

The  contractor  should  initiate  action 
to  Improve  the  engine  droop  characteristics 
and  the  governor  actuator  rate.  (A  4) 


VIBRATION 

The  vibration  characteristics  of  the 
YHU-lB  In  level  flight  are  a  marked 
Improvement  over  those  of  the  HU-IA. 

At  all  weights  and  altitudes  tested  the 
helicopter  was  power  limited  rather  than 
vibration  limited.  Vibration  appears  to 
change  little  with  eg  change.  Alt  vibration 
characteristics  were  evaluated  qualitative¬ 
ly  from  pilot  comments. 
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AIRSPEED  CAEIBRATION 


A  boom  airspeed  system  was  installed 
for  test  purposes.  This  test  system  and 
the  standard  airspeed  system  were  cali¬ 
brated  in  level  flight  tlirouchout  the  speed 
range  to  a  maximum  of  120  knots  IAS. 

The  calibration  was  accomplished  by  the 
ground  speed  course  method.  Results  of 
this  calibration  are  shown  in  Fig.  39, 
Appendix  1. 

The  calibration  of  the  standard  airspeed 
system  shown  in  Fig.  39,  Appendix  I  is 
not  representative  of  the  production 
HU-IB  system.  Prior  to  the  last  flight 
of  the  test  program  a  second  baffle  was 
added  at  the  standard  system  static 
source.  The  change  is  an  attempt  to 
produce  a  constant  error.  This  new 
system  will  be  evaluated  in  the  Category 
II  teat  program . 


STABILITY  AND  CONTROL 
TEST  RESULTS  H  ^  H 


HOV’I.ilNG 

The  flying  qualities  while  hovering 
are  not  entirely  satisfactory;  however, 
the  YHU-IB  is  improved  over  the 
HU- 1.  The  oscillations  In  pitch  and 
roll,  which  were  objectionable  In  the 
HU-1,  are  negligible,  but  random 
oscillation  in  yaw  still  exists  which 
makes  precision  hovering  in  ground 
effect  difficult.  This  yawing  oscillation 
decreases  at  skid  heights  above  30  feet. 


HOVERING  DYNAMIC  STABILITY 

The  dynsunic  stability  characteristics 
were  determined  by  1  second  pulse  type 
contr'  1  Inputs  about  all  axes.  Prior  to 
any  control  displacements,  the  aircraft 
was  brought  to  a  stabilised  hover  for 
several  seconds. 


Following  a  1  inch  forward  longitudinal 
pulse  the  aircraft  pitches  down,  mores 
forward,  and  then  pitches  up  at  trans¬ 
lational  lift.  The  resulting  longitudinal 
oscillation  Is  lightly  damped  with  a 
period  of  app'«"oritn?,»ely  5  seconds.  The 
downward  pitching  is  accompanied  by 
left  yawing  and  rolling  which  reverses 
when  the  aircraft  pitches  up.  Following 
a  1  Inch  aft  pulse,  the  aircraft  pitches 
up,  moves  aft  and  pitches  down.  The 
aircraft  rolls  and  yaws  slightly  right  on 
the  upward  pitch  and  as  the  aircraft 
noses  down,  devslops  a  right  yaw  of  such 
magnitude  Oiat  the  maneuver  must  be 
discontinued. 

Pedal  pulses  result  In  a  nearly  dead¬ 
beat  oscillation  in  yaw.  The  accompany¬ 
ing  roll  oscillation  Is  initially  opposite 
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In  direction  to  the  pulie  and  heavily 
damped.  Lateral  pulse*  cause  a  divergent 
yawing  in  the  direction  of  the  pulse. 

Time  histories  of  these  pulses  are 
shown  In  Figs.  16  through  21,  Appendix  I. 


Response 

Time  to  Reach 

Axis 

d*c/sec/in 

Maximum  Rate  -sec 

Pitch 

9 

2.0 

Roll 

8 

0.  9 

Yaw 

45 

7  to  8 

All  tests  were  performed  at  approxi¬ 
mately  6600  pounds  gross  weight  with  a 
mid  center  of  gravity  at  a  rotor  speed  of 
323  rpm . 


HOVER  CONTROLLABILITY 

Control  sensitivity  during  hover  was 
determined  by  measuring  the  Immediate 
maximum  angular  acceleration  resulting 
from  various  step  type  control  displace¬ 
ment*  from  trim  about  alt  three  axe*. 
Control  sensitivity  about  all  axe*  is 
adequate.  The  following  control  sensi¬ 
tivities  were  obtained  for  a  I  inch  control 
displacement  from  trim. 


Longitudinal  step*  produce  a  pltch-up 
for  aft  and  a  pitch  down  for  forward  stick 
movements  that  continue  until  the  maneuver 
is  discontinued.  An  aft  step  is  accompanied 
by  a  random  yaw  and  roll  that  is  initially 
to  the  right.  A  forward  longitudinal  step 
results  in  a  yaw  and  roll  that  is  also  random 
but  initially  to  the  left. 

Directional  step*  produce  a  yaw  In  the 
direction  of  tl<e  step  that  continues  until 
recovery.  The  maximum  rat*  is  reached 
in  7  to  8  seconds.  The  directional  control 
displacements  also  produce  random  oscil¬ 
lations  in  pitch  and  roll  Vfith  a  lateral 
step  the  aircraft  rolls  ir.  the  direction  of 
the  displacement  and  a  yaw  slowly  develop* 
in  the  direction  of  the  roll. 


Time  to  Reach 


Axis 

dea/sec 

^/in  celeration  -  sec 

Pitch 

10 

0.4 

Roll 

16 

0.  4 

Yaw 

40 

0.4 

No  noticeable  delay  occurs  between 
control  movement  and  aircraft  response. 
No  "slop"  or  play  is  apparent  in  the 
control  system*  and  control  sensitivity 
Is  equal  for  control  displacement*  in 
either  direction.  Result*  of  tests  at  a 
mid  center  of  gravity  position  and  rotor 
speeds  of  323  rpm  are  presented  in  Fig*. 
22  through  27,  Appendix  I. 

Control  response  during  hover  was 
determined  from  various  st«p  type 
control  input*  from  trim  about  each  axis. 
The  resultant  immediate  m.ucimum 
angular  velocity  was  measured.  Control 
response  about  all  three  axes  is  satls- 
factor'  .  The  following  rate*  were 
measured; 


LEVEL  FLIGHT 

The  level  flight  flying  qualities  are 
very  good.  Poaitive  longitudinal 
stability,  both  static  and  dynamic,  is 
demonstrated  by  the  capability  of  the 
aircraft  to  fly  hands  off  in  light  turbu¬ 
lence  at  speeds  up  to  100  knots  CAS. 

The  aircraft  exhibits  strong  static  and 
dynamic  stability  allowing  pedal  fixed 
turns  to  be  easily  accomplished.  Roll 
rat*  is  adequate  even  though  the  roll 
develops  and  then  stops  before  continuing. 
This  condition  was  also  notsd  in  the 
HU-IA. 


Stability  and  control  characteristics 
were  determined  for  airspeeds  from  34 
to  104  knots  CAS  at  average  density 
altitudes  of  5,000  and  10,000  feet. 

Gross  weight*  for  these  flight*  were 
approximately  6000,  6600  and  7400 
pounds  at  mid  eg.  Rotor  speed  was 
varied  from  285  to  323  rpm.  l.ongi- 
tudlnal  dynamic  stability  was  tested 
qualitatively  at  forward  and  aft  center 
of  gravity  locations.  Prior  to  any  crntrol 
displacement  the  aircraft  was  stabilised 
in  level  flif^t  at  the  trim  airspeed  with 
zero  sideslip. 
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LONGITUDINAL  CONTROL 
POSITION  IN  LEVEL  FLIGHT 

YHU-IB  S/N  58-2078 


Hp  =9350  Tf. 

AVC.  C.  W.-7400Lb 
AVG.  C.  G.  =  130ln  (MID) 


2“ 
*  tA- 


Hp=,0000  Ft. 

AVC.  C.  W.  =AOOOLk. 


STATIC  STABILITY 


Control  position*  during  level  flight 
w«r*  recorded  a*  a  function  of  airapoed 
at  forward,  mid  and  aft  eg  location*  tnd 
at  rotor  speed*  from  Z90  to  323  rpm. 

All  cyclic  control  poiitlon*  are  meatured 
from  a  position  vertical  to  the  floor.  Full 
longitudinal  cyclic  tiavel  1*  6  5  inches 
forward  and  aft  from  -/ertical;  full  lateral 
trsvel  is  6.  5  incKvr  I.  and  right  from 
vertical.  Pedal  irri.  v* I  i«  measured  from 
neutral  and  full  tri>v  *I  is  '.5  inches  right 
and  left  from  neutrAk.  The  apparent 
St  itlc  longitudinal  stability  la  positive 
above  30  knot*  CAS  (Figs.  28  and  29, 
^pendlx  1).  At  airspeeds  below  30  knots 


apparent  static  longitudinal  appears  to  be 
cllghtly  n=guilv«..  A  change  of  rotor 
speed  from  290  to  314  rpm  requires  the 
cyclic  to  be  moved  aft  1  to  2  inches  to 
maintain  the  same  airspeed.  The  same 
is  true  of  a  change  from  290  to  37.3  rpm 
for  airspeed*  from  50  to  90  knots. 

Lateral  cyclic  and  pedal  positions  were 
normal  at  all  speeds.  An  aft  center  of 
gravity  iocation  require*  that  the  cyclic 
stick  be  moved  approximately  2  Inches 
farther  right  tiian  for  a  forward  eg  at 
the  same  weight  when  the  airspeed  is 
less  than  60  knots  CAS.  This  lateral 
movement  decreases  to  approximately 
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1  Inch  at  ilO  knots.  Collective  pitch 
control  was  fonnd  to  be  adequate  at  all 
rotor  speeds . 

The  accompanying  figure  shows  the 
effect  of  center  of  gravity  location  on 
longitudinal  slick  position  at  various 
airspeeds.  The  helicopter  had  adequate 
control  margin  during  all  Category  1 
testing  within  the  observed  120  knot 
IAS  limit. 

Static  directional  stability  was  in¬ 
vestigated  by  obtaining  the  pedal  position 
necessary  to  maintain  various  sideslip 
angles  at  several  airspeeds.  The  same 
test  was  conducted  using  the  contractor 
recommended  climb  speeds  during  both 
climb  and  descent.  Kusults  are  presented 
in  Figs  30  through  34,  Appendix  I.  The 
HU-IB  has  strong  positive  static 
directional  stability.  Good  directional 
control  effectiveness  and  light  pedal 
forces  assist  the  pilot  in  maneuvering 
the  helicopter  and  In  maintaining  a  head¬ 
ing. 


LEVEL  FLIGHT  JOiNTROLLABILITY 

Control  sensitivity  of  the  YHU-IB 
during  level  flight  was  determined  by 
measuring  the  immediate  angular  ac¬ 
celeration  resulting  from  various  step 
type  control  displacements  from  trim 
about  all  three  axes.  These  steps  were 
performed  at  34,  64  and  104  knots  CAS 
at  a  ..or  speed  of  323  rpm.  The 
directional  steps  for  all  speeds  tested 
were  repeated  at  rotor  speeds  of  285 
rpm.  Control  sensitivity  about  all  axes 
is  satisfactory  and  approximately  equal 
to  those  of  the  HU-1  except  for  slight 
decrease  in  pitch.  The  following 
sensitivities  were  obtained  for  a  1  inch 
displacement  from  trim. 


Time  to  Reach 


Axis 

Sensitivity 

deg/sec.^/ln 

Maximum  Ac¬ 
celeration  -  sec 

Pitch 

10 

0.  3 

Roll 

28  right 
26  left 

0.4 

Yaw 

30 

0.4 

Reiiults  of  these  tests  are  presented  in 
Figs,  22  through  27,  Appendix  I. 

Control  response  of  the  YHU-IB  was 
determined  by  measuring  the  Immediate 
maximum  angular  velocity  from  the 
step  type  control  inputs.  Control 
response  about  all  three  axes  is  satis¬ 
factory.  The  HU-1  develops  a  slightly 
larger  yaw  rate,  but  the  two  aircraft 
have  approximately  the  same  response 
in  pitch  and  roll.  The  following  rates 
were  measured: 


Response 


Axis 

deg/sec/in 

Puch 

9. 

0 

Roll 

13 

left 

16 

right 

Yaw, 3^3 

rpm  1  1 

28  j  rpm  1  1 


Time  to  Reach 
Maximum  Rate-sec 

1.9 
1 .  2 

1.  1 
1.  1 


Step  Inputs  were  made  r.bout  all  axes 
from  stabilized  level  flight  at  airspeeds 
of  34,  64  and  104  knots  CAS  and  rotor 
speeds  of  323  rpm.  Following  a  1  inch 
forward  longitudinal  step,  the  aircraft 
pitches  down  with  the  pitch  rate  de¬ 
creasing  as  airspeed  increases.  The 
pitching  motion  is  accompanied  by  a 
gentle  rolling  and  yawing  to  the  left.  An 
aft  step  results  in  opposite  reactions 
about  all  axes.  A  1  inch  right  lateral 
step  produces  a  right  roll  followed  by 
right  yawing  motion  until  recovery  Is 
executed.  With  a  left  lateral  step  a 
left  roll  develops,  however,  the  yaw  Is 
initially  slightly  right  and  then  becomes 
left  until  recovery  from  the  maneuver. 

Pedal  steps  were  performed  at  air¬ 
speeds  of  34,  64  and  104  knots  CAS  at 
rotor  speeds  of  285  and  323  rpm.  At 
34  knots  a  1  inch  directional  step  gener¬ 
ates  a  hesitating  turn  in  the  direction 
of  the  step  followed  by  an  uneven  rolling 
motion  in  ihe  direction  of  the  turn.  This 
o.^curs  at  both  285  and  323  rpm. 

A  1  inch  left  directional  step  at  64 
knots  CAS  and  a  rotor  speed  of  285  rpm 
produces  reactions  similar  to  those  that 
occur  at  34  knots.  A  right  directional 
step  at  285  rpm  produces  a  right  yaw 
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that  is  stopped  when  a.  left  roll  develops. 
When  the  yaw  Is  stopped  the  aircraft 
rolls  right  and  the  right  yaw  starts  again. 

A  1  Inch  left  directional  step  at  104 
knots  CAS  and  a  rotor  speed  of  323  rpm 
produces  a  small  left  turn  and  right  roll. 
This  right  roll  causes  the  left  turn  to 
stop  and  reverse  to  a  right  turn.  A 
right  step  at  323  rotor  rpm  and  steps  in 
both  directions  at  285  rotor  rpm  produce 
a  turn  that  becomes  a  steady  state  side¬ 
slip  when  sufficient  roll  has  developed 
to  stop  the  turn. 

All  directional  steps  cause  a  very 
slight  nose  down  pitch. 


LEVEL  FLIGHT  DYNAMIC  STABILITY 

Pulses  to  evaluate  the  dynamic 
stability  were  made  from  stabilized 
flight  conditions  at  the  same  airspeeds 
and  rotor  speeds  as  the  step  inputs. 
Dynamic  characteristics  were  determined 
to  be  good. 

The  short  period  oscillations  excited 
by  a  longitudinal  pulse  are  heavily  damped. 
An  aft  pulse  produces  a  heavily  damped 
pitching  motion  initially  up,  accompanied 
by  a  well  damped  left  rolling  motion  and 
a  change  In  heading  to  the  right  until 
re'-  very  Is  executed.  A  forward  pulse 
produces  the  opposite  reaction.  During 
several  of  these  maneuvers  a  long  period 
oscillation,  which  was  very  lightly 
damped,  was  recorded.  The  period  of 
this  phugold  oscillation  is  approximately 
27  seconds. 

Directional  pulses  produce  a  heavily 
damped  yawing  motion  initially  in  the 
direction  of  the  pulse  accompanied  by  a 
well  damped  rolling  motion  initially  in 
the  opposite  direction  of  the  yaw.  The 
aircraft  pitches  up  for  a  right  yaw  and 
down  for  a  left  yaw.  Thes'^  characteristics 
are  summarized  In  Figs  35  and  36, 
Appendix  I. 

,  left  lateral  pulse  produces  a  heavily 
damped  initially  left  rolling  motion  and  a 
turn  tc  the  left  until  recovery  is  effected. 

A  right  pulse  produces  a  heavily  damped 


right  rolling  motion  and  a  left  turn  that 
peaks  In  5  seconds  and  then  becomes  a 
steady  left  sideslip. 

SIDEWARD  AND  REARWARD  FLIGHT 

Tests  were  conducted  to  determine 
the  hovering  capabilities  of  the  helicopter 
when  operating  close  tc  the  ground  In 
crosswinds  and  tail  winds.  The  sideward 
and  rearward  Lest  flights  were  conducted 
at  a  grosij  weight  of  7600  pounds,  at  the 
most  forward  eg  (125  Inches),  and  at  a 
rotor  speed  of  323  rpm.  These  tests  were 
,lown  in  ground  effect.  Control  positions 
obtained  during  these  tests  are  presented 
in  Figs.  37  and  38,  Appendix  I. 

The  YHU-IB  moves  easily  Into  eide- 
ward  flight  with  small  p.sdal  manipulations 
required  below  10  knots  TAS  to  maintain 
the  desired  heading.  When  translational 
lift  occurs  (10  to  20  knots),  small,  rapid 
pedal  movements  are  required.  Ap¬ 
proaching  translational  lift  oscillations 
In  roll,  yaw  and  pitch  are  encountered. 
When  going  to  the  left,  above  the  speed 
for  translation,  there  is  a  sudden 
requirement  for  a  large  amount  of  right 
rudder.  For  flight  to  the  left  2.8  Inches 
of  right  pedal  are  required  at  30  knots, 
and  1.8  inches  of  left  pedal  are  necessary 
for  30  knots  to  the  right. 

During  sideward  flight  the  cyclic  stick 
moves  s'-'t  and  in  the  direction  of  flight 
laterally.  Aft  cyclic  movements  reach 
a  maximum  at  approximately  27  knots 
TAS  in  either  direction  and  then 
decrease  slightly  at  30  knots.  Lateral 
cyclic  stick  position  Increases  positively 
to  approximately  27  knots  at  which  point 
a  slight  reversal  occurs.  Collective 
pitch  control  Is  less  than  for  a  hover, 
with  approximately  the  same  amount 
necessary  for  similar  speeds  in  eitl'.er 
direction. 

The  HU-IB  accelerates  rearward 
nearly  as  easily  as  It  does  forv/ard. 

There  Is  a  tendency  to  turn  into  the 
relative  wind  that  requires  rapid  pedal 
movements  to  control.  A  nose  down 
pitcliiiig  .moment  at  translational  lift 
requires  an  increase  of  1 . 4  inches  of 
aft  cyclic  to  control.  As  speed 
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Incrt^ases  longitudinal  stick  position 
moveu  from  2  inches  aft  of  neutral 
at  hover  to  a  maximum  of  1 . 3  inches 
or  10  percent  from  full  aft  at  30  knots 
TAS  to  the  rear. 


CONTROL  FORCES  AND  TRIMMING 

Control  forces  are  satisfactor/  with 
the  trim  s/stor.r  on  or  off.  Control 
forces  art  high  with  the  control  boost 
systom  off  br.t  no  feedback  from  the 
rotor  system  is  present.  Boost-off 
control  forces  of  the  YHU-IB  are 
slightly  higher  than  those  of  the  HU-IA 
but  sufficient  control  is  available  to 
hover  and  land. 


The  trim  system  in  the  test  aircraft 
is  satisfactory  at  speeds  from  hover  to 
100  knots  IAS.  In  this  regime  the  center¬ 
ing  device  quickly  removes  all  forces 
and  the  aircraft  can  be  flown  hands  off 
for  short  periods.  In  lignt  turbulence, 
however,  at  speeds  greater  than  100  knots 
the  cyclic  stick  falls  forward  unless  an 
excessive  amount  of  friction  Is  applied. 
When  the  needed  friction  Is  used  to  hold 
the  stick,  control  forces  become  large. 
The  trim  system  should  be  redesigned 
to  give  the  same  hands  off  capability  at 
speeds  of  120  knots  or  greater  since 
J'<s  Is  the  most  efficient  cruise  speed 
ior  the  helicopter  at  sea  level.  (B  2) 


CONCLUSIONS 


The  YHU-lB  helicopter  is  much  Im¬ 
proved  over  the  earlier  HU-1  and  HU-IA 
series.  The  major  Improvements  are: 

1.  Lower  vibration  levels. 

2.  Increase  cruise  speed  and 
range. 

,  Greater  altitude  performance. 

4.  Increased  weight  carrying 
capability. 

Flying  qualities  of  the  YHU-IB  are 
improved  over  the  earlier  models,  This 
Is  primarily  due  to  the  absence  of  the 
objectionable  pitch  and  roll  oscillations 
which  were  present  in  the  HU-1.  Control 
sensitivities  and  response  are  approxi¬ 
mately  equal;  however,  in  the  HU-1  pitch 
sensitivity  and  yaw  rate  Is  slightly  greater. 

The  HU- IB  meets  guarantees  of  range, 
cruise  speed,  and  service  celling.  The 
hovering  capabilities  are  good  and  meet 
guarantees;  however,  hovering  celling  in 
ground  effect  Is  reduced  approximately 
700  fe.:t  by  a  10  degree  decrease  In  bell- 
mouth  temperature  over  that  occurring 
at  the  same  conditions  out  of  ground 


effect.  This  temperature  increase  may 
be  caused  by  hot  exhaust  gases  rc 
circulating  through  the  engine. 

The  contractor  has  made  no  Improve¬ 
ment  In  engine  droop  compensation.  The 
excessive  engine  droop,  aggravated  by  a 
slow  power  turbine  (Nj)  governor  actuator 
rate,  makes  prsclslon  rotor  rpm  control 
nearly  Impossible.  The  N2  actuator, 
which  takes  approximately  IS  seconds 
to  change  rotor  speed  from  285  rpm  to 
323  rpm,  cannot  correct  rapidly 
enough  following  large,  rapid  collective 
pitch  movements. 

The  engine  flight  idle  stop  release 
system  is  unsatisfactory.  This 
complaint  was  also  made  In  YH-40 
report  AFFTC-TR -59-33  and  HU-1 
report  AFFTC-TR-60-57.  It  Is  possible 
I'o  Jam  the  stop  by  retarding  the  throttle 
prior  to  actuating  the  electrical  system 
which  removes  the  stop.  Throttle 
travel  Is  excessive  by  HIAD  standards, 
(HIAD  J.  2.  2.  6.  2)  and  tends  to  make 
Jamming  the  stop  more  probable. 
Futhermore  a  complete  electrical 
failure  would  make  engine  shutdown 
impossible  since  no  mechanical  means 
of  engine  fuel  shutoff  is  provided. 
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RECOMMENDATIONS 


A.  It  i«  ^commended  that  the 
following  bti  action  bs  taken  aa  aoon  aa 
posaible: 

1.  Inatall  a  poaltlve  mechanical 
flight  Idle  atop  that  can  be 
actuated  by  the  pilot  witliout  re¬ 
moving  hla  hand  from  the  throttle 
(page  3) 

Z.  Limit  the  throttle  twlat  grip 
rotation  ao  that  the  pilot  can 
rotate  the  throttle  from  full  off 
to  full  open  with  one  normal 
movement  of  hla  hand  (page  3) 

3.  Ralae  the  collective  pitch 
atlck  (page  3) 

4.  Improve  the  droop  character- 
latlca  to  maintain  ±Z  rotor  rpm 
variation  from  the  aelected 
governed  apeed  throughout  the 
governing  range  under  all  flight 
condltiona  (page  >) 

5.  Redu'.e  the  time  to  change 
rotor  apeed  from  285  rpm  to 
323  rpm  to  approximately  5 
aeconda  (page  8) 

f>.  Move  the  a.c.  circuit  breaker* 
to  the  overhead  panel  and  Illuminate 
all  circuit 'breakera  (page  4) 

7.  Make  the  pllot'a  and  co-pllot'a 
door  handlea  eaaier  to  operate 
(page  3) 


b.  It  ia  recommended  that  atudlea 
be  initiated  aa  aoon  as  poaaible  to  ac¬ 
complish  the  following  items; 

1.  Increase  fuel  capacity  to  make 
instrument  flights  mors  feasible 
(page  7) 

2.  Redesign  the  trim  system  so 
hands  off  flying  capabllltlss  are 
available  at  120  knots  IAS  (page 

3.  Make  the  cargo  doors  Jettisonable 
(page  4) 


4.  Decrease  the  engine  Inlet 
temperature  while  hovering  in 
ground  effect  (page  3) 
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APPENDIX  I  n  MM  Hi 

data  analysis  methods 


PERFORMANCE 

General: 

The  equatlc.na  and  procedures  used  to 
correct  the  performance  of  this  helicopter 
from  test  conditions  to  US  standard 
atmosphere  conditions  are  brlefl/ 
described  in  this  section. 

Dimensional  analysis  of  the  major 
items  affecting  helicopter  performance 
will  yield  two  sets  of  dimensionless 
variables  which  may  be  used  to  present 
performance  data  In  non-dimensional 
form.  The  Cp,  Cq-,  method  Is  used 
In  this  report.  It  should  be  noted  that 
this  non-dimensional  method  Is  useful 
only  where  compressibility  effects  are 
not  significant.  These  variables  are 
defined  as  follows: 

SHP  X  550 
^  p  A  (  n  R)3 

W 

■'r  =  p  A  (  n  R)^ 

Vt 
=  fl  R 

where; 

SHP  =  output  shaft  horsepower 

p  =  air  density  -  slugs/ft^ 

A  =  rotor  disc  area  -  ft^ 

D  -  rotor  angular  velocity  - 
rad/sec 

K  =  rotor  radius  -  ft 
-  gross  weight  -  lb 

Vt  =  true  airspeed  -  ft/sec 


Hovering. 

The  hovering  data  was  obtained  In 
tethered  flight  at  two  heights,  one  In  and 
out  of  ground  affect,  at  a  pressure 
altitude  of  2300  feet.  Hovering  was  con- 
u  "ted  In  r.ero  wind  conditions.  This 
data  was  reduced  to  Cp,  Ct  and  Is 
presented  Ir  Figure  1.  The  weight  used 
to  compute  Ct  consisted  of  the  weight 
of  fhe  helicopter  and  tethering  compo¬ 
nents  plus  the  force  (poitnds)  applied  to 
the  tie-down  cable. 

Level  Flight; 

The  basis  for  correction  of  level 
flight  speed  power  data  lies  In  the  Cp, 

Ct  method.  Each  speed  power  was 
fl.own  at  an  approximate  Ct-  This 
involves  Increasing  altitude  as  fuel  Is 
burned.  The  data  was  corrected  for 
Cp  to  an  exact,  constant  Ct 
follows; 

CP.  "  CPt  (CT.  -  CTt  ) 

where  ACp/^Ct  i*  the  slope  of  the 
Cp  versus  Ct  curve  at  constant  n 
and  the  subscripts  s  and  t  denote 
standard  and  test  conditions,  respective¬ 
ly.  Shaft  horsepower  standard  was  then 
calculated  using  a  standard  rotor  speed. 

The  ncn-dlmensional  parameters 
Cp,  Ct  i^nd  p  are  used  for  correlation 
01  the  level  flight  data. 

For  each  flight  airspeed  and  power 
required  are  reduced  to  non-dimensional 
form  and  a  plot  Is  made  of  Cp  versus 
at  the  average  Ct  flown.  A  curve  Is 
faired  through  the  points  and  faired  line 
values  are  used  to  construct  a  carpet 
plot  of  Cp  versus  Ct.  On  this  plot 
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lines  of  constant  ^  are  then  faired  through 
the  varlcub  test  curves,  'hus  defining 
power  required  for  any  altitude,  gross 
weight,  airspeed  and  rotor  rpno.  Non- 
dlmenslonal  summary  plots  are  prepared 
from  this  carpet  plot.  These  plots.  Figs. 
2,  3  and  4,  and  SHP  versus  Vx  *re 
presented  In  Appendix  1. 

Fuel  flow  data  was  reduced  to  fuel 
flow  par  SHP  at  various  altitudes.  These 
values  were  corrected  to  sea  level 
conditions  at  the  compressor  Inlet  and 
are  presented  In  the  SHP/ £  /6~' versus 
Wf/ S  ^0  curve.  Fig.  13. 

Where: 

SHP  =  output  shaft  horsepower 
W(  =  fuel  flow  -  Ib-fuel/hour 

2  =  ratio  of  test  beltmouth 

Inlet  pressure  to  standard 
sea  level  pressure 

0  s  ratio  of  teat  bellmouth  Inlet 
temperature  to  standard 
ambient  temperature  at 
sea  level 

SHP/S/d7  Wf/S  Wi  and  Ni/  /fl’ 

are  designated  as  "Referred"  shaft 
horsepower,  "Referred"  fuel  rate,  and 
"Referred"  fuel  rate,  and  "Referred" 
gas  producer  rpm  in  this  report. 


Power  Determination: 

The  T53  gas  turbine  engine  Incorporates 
a  hydro-mechanicai  torquemeter  as  un 
integral  part  of  the  reduction  gearing  on 
the  compressor  end  of  the  engine.  This 
torquemeter  is  essentially  a  piston  which 
supplies  pressure,  in  proportion  to  the 
output  torque,  on  the  contained  hydraulic 
oil.  This  oil  pressure  is  normally 
indicated  on  the  pilot's  panel  and  is  used 
as  an  indication  of  engine  torque.  To 
obtain  a  more  accnrace  indcatlon  of  torque, 
tho  pressure  of  the  oil  vapor  behind  the 
r  .ston  is  also  measured  and  the  difference 
between  this  pressure  and  the  hydraulic 
oil  pressure  Is  found.  The  engine  manu¬ 


facturer  calibrates  the  oil  pressure  and 
oil  vapor  pressure  as  a  function  of  out¬ 
put  shaft  torque  during  the  test  call 
qualification  of  each  engine.  Engine  , 
power  output  and  fuel  consumption 
characteristics  arc  also  determined 
during  tost  cell  operation.  For  the  test 
engine  these  characteristics  are 
presented  in  Figs.  1  through  3,  Appendix 
II.  The  tests  by  the  engine  manufacturer 
are  conducted  using  ideal  intake  and  ex¬ 
haust  ducts.  Consequently,  compressor 
Inlet  conditions  are  considered  equal  to 
ambient  conditions. 

The  equation  from  which  outpui  shaft 
horsepower  was  determined  from  in¬ 
flight  Icrquemeter  readings  was  derived 


as  follows: 

SHP 

2ir 

'  12  X  3300  *  ^‘T 

where: 

SHP 

«  output  shaft  horsepower 

Ne 

s  output  shaft  rotational 
speed  -  rpm 

T 

-  output  shaft  torque  -  In- 
Ibs 

The  torquemeter  calibration  as 
presented  in  Figure  1,  Appendix  II 
Indicates  that  torque  is  the  following 
function  of  torque  pressure: 

T  =  236.  SAP 

where 

AP  s  torquemeter  pressure 

minus  inlet  housing 
pressure  -  psi 

Rotor  speed  Is  determined  from  engine 
output  shaft  speed  as  follows: 

Nr  =  N,/20.37 

where 

Nr  =  rotor  rotational  speed  - 

rpm 
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Substituting  the  last  two  equations 
in  the  first,  an  equation  for  determining 
output  shait  horsepower  may  be  developed: 

QUO  2irx  236.5  x  20.37 
“  12x33000 

XNr^  =  .0764  NyAP 

During  the  test  program,  torque 
pressure  from  which  SHP  v'as  calculated, 
was  measured  by  taking  the  difference 
between  the  hydraulic  oil  pressure  (high 
torque)  and  the  oil  vapor  pressure  (low 
torque).  Engine  characteristics  were 
defined  by  curves  of: 


SHP 

8  v'e ' 


W(/  8^v.  ^ 

^  5vr 


where 

SHP  =  output  shaft  horsepower  as 
calculated  from  torque 
pressure 

N]  s  gas  producer  speed  -  per¬ 
cent 

8  -  ratio  of  test  bellmouth  in¬ 

let  pressure  to  standard 
pressurs  at  sea  level 

9  =  ratio  of  test  bellmouth  in¬ 

let  temperature  to  standard 
temperature  at  sea  level 


Iha  accompanying  figure  shows  a  dis¬ 
crepancy  between  the  characteristics  of 
the  test  engine  as  determined  by  the 
manufacturer  during  the  test  stand  cali¬ 
bration  runs  and  those  determliierl  by 
flight  tests. 


ENGINE  CHARACTERISTICS 
T-53-L5  S/N  LE03007 


N,/\^  * 

4A<^D9BASED  ON  BELLMOUTH 
INLET  CONDITIONS 


Test  instrumentatl:  n  was  rechecked 
and  found  to  be  operat;ng  properly. 
GImllar  discrepancies  have  been  found  in 
previous  tests  (Reference  AFFTC-TR- 
56-15  and  AFFTC-TR-59-33). 

Fll^t  test  data  indicates  that  maxi¬ 
mum  power  Is  available  at  100  percent 
N|  rather  than  99.6  percent  Nj  found 
by  the  engine  manufacture  at  sea  level 
standard  day  conditions.  Limit  Nj  for 
this  engine  is  100  percent.  Maximum 
power  available.  Figure  15  of  this 
Appendix,  was  calculated  using  flight 
test  lata. 
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STABILITY  AND  CONTUOl, 

Definltlona: 

The  stability  and  control  characteris¬ 
tics  of  the  VllU-lB  helicopter  are  dis¬ 
cussed  In  terms  of  static  stability, 
dynamic  stability  and  controllability 
These  terms  are  defined  an  follows: 

1.  Longitudinal  static  stability 
Is  the  apjjarent  stability  deier- 
mlr.ed  from  an  analysis  of  longi¬ 
tudinal  control  position  with 
respect  to  airspeed.  The 
collective  position  was  treated 
as  an  Independent  variable.  For 
each  test  point  the  collective 
stick  position  was  determined  by 
the  position  to  rmally  used  In 
flight.  A  longitudinal  control 
position -alrs[>eed  gradient 
obtained  In  this  manner  deter¬ 
mines  apparent  static  stability 
The  stability  is  called  apparent 
because  It  Is  an  Indication  of  the 
longitudinal  static  stability  from 
the  pilot's  viewpoint,  but  Is  not 

a  direct  measure  of  the  speed 
stability  or  angle  of  attack 
stability  of  the  aircraft.  Static 
lateral  directional  stability  was 
obtained  by  measuring  control 
positions  In  steady-state  side¬ 
slips  . 

2.  The  dynamic  stability  of  the 
helicopter  was  determined  by  re¬ 
cording  aircraft  behavior,  dis¬ 
placement,  rate  and  angular  ac¬ 
celeration  following  an  artificial 
disturbance.  This  artificial 
disturbance  was  the  result  of  a 
pulse  type  control  Irput.  The 
pulse  input  was  made  by  rapidly 
displacing  the  control  approxi¬ 
mately  1  inch  from  trim  position, 
holding  for  approximately  i 
second,  then  rapidly  returning  to 
the  trim  position  ai'd  holding  the 
control  fixed.  A  rnechanlcal  Jig 
was  used  to  guarantee  precise 
input.  The  dynamic  behavior  of 
the  aircraft  in  hover  is  presented 
by  time  histories  (Figs.  15 
through  20).  The  parameters 
presented  are  Indicated  values 


traced  trom  the  oscillograph 
records.  The  longitudinal  and 
directional  dynamic  stability  data 
was  reduced  to  damping  ratios 
and  period.  The  oscillations 
following  a  pulse  input  are  heavily 
damped;  therefore  the  method  of 
counting  cycles  for  the  initial 
amplitude  to  damp  to  some 
fraction  was  not  used  to  deter¬ 
mine  damping  ratio.  The  time 
rise  method  was  used  to  deter¬ 
mine  an  approximate  damping 
ratio.  In  this  method  the  damp¬ 
ing  ratio  (  f  )  Is  found  by  the 
1  elatlonshlp  of  T2/T1  to  f 
where  Tj  Is  the  time  for  the 
response  to  reach  20  percent  of 
the  steady  state  value  and  T2 
Is  the  time  to  reach  74  percent 
of  the  steady  «tf,te  value.  The 
accuracy  of  this  method  depends 
on  how  well  the  oeglnnlng  of  the 
response  can  be  Iderdifled.  The 
periods  were  determined  from 
the  following  relationship: 

Tn  =  Td  V  *  ^  ^ 

where 

Tn  Is  the  undamped  natural 
frequency 

Td  is  the  damped  natural 
frequency 

3.  Controllability  is  treated  in 
two  parts,  namely  sensitivity  and 
response.  Sensitivity  is  defined 
as  the  maximum  angular  acceler¬ 
ation  (degrees  per  second^)  of  the 
aircraft  per  inch  deflection  of  the 
cockpit  control.  Time  to  reach 
the  rrsv'rr'.m  acceleration  is  in¬ 
cluded.  Response  is  defined  as 
the  maximum  angular  velocity 
(degrees  per  second)  of  the  air¬ 
craft  per  inch  deflection  of  the 
cockpit  control.  Time  to  reach 
the  maximum  rate  is  included. 

The  control  deflections  were 
stick  fixed,  sudden,  step  type 
Inputs.  The  step  input  was  made 
by  rapidly  displacing  the  control 
fi-'jm  trim  and  holding  the  control 
fixed  until  recovery  was  necessary. 
A  mechanical  jig  was  used  tn  Insure 
pv seise  Inputs . 
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GR,\PHIC  TEST  RESULTS 

l^erformance  J^lots 
Figure  No. 

I  Hovering _ 

3  Level  Flight  _ 

13  Engine  Charac¬ 
teristics  _ 

15  Horsepower  Available 

Stability  and  Control  Plots 

16  Aircraft  Response  to 

Control  Pulses _ 

22  Longitudinal  Control 

Sensitivity _ 

23  Lateral  Control 

Sensitivity - 

24  Directional  Cu.Urol 

Sensitivity - 

25  Longitudinal  Control 

Response - - 

26  Lateral  Control 

Response - 

27  Directional  Control 

Response - 

28  Control  Positions _ 

30  Static  Directional 

Stability _ 

35  Dynamic  Longitudinal 

Stability _ 

36  Dynamic  Directional 

Stability _ 

37  Control  Positions  in 

Sideward  FMgtt _ 

38  Control  Positions  in 

Forward  and  Rear¬ 
ward  Flight _ 

3<>  Airspeed  Calibration 


fufoAf 

i^/as.  ^  /o 


Ij' 


I  „ 

^  M 


!  ■  I 


$  i 

a  I*® 

k' 

t  Im 


ir 


aeo  •  t 


;:icooo  La 
/aoao  '^r 

3/^  : _ 

a  0Q430 


yi^ej->a  [: 

SX^SS 

^^/vs/ry  ^it\ 
fiorofi 


i  s/a/ 

/a-vr  TSoci.Bi  \ 

Alt  I  ,  /k>aoo\fr  i 

,  .-1  _., .  !  ^£3  i  _i....  - 

I  ;  ,  I  i  accost  .. 


^se/T'siK. 


.  ;  I  '  I  ,  \'''ys/io srj^-ieo 
Gf  .  s^  iVjr/i^i^  fr  .  ,  .  2b 

A){://s/ry  \^cr  ^  /y. 

/?oroK  y?PAf .  i_..j^».a.j.!.. 

Cr  oMg 

...  _ 


^ «  i 

I 

5  .('o  -  I 

-•^.OS-  -T-i 


ZdSj 

A/o  ■  /« 


y//c/-/S  '^>S3f-^^7Q 

C.G-XaCAT/oa/'^  ^3/  O  C?¥/o}  !D£A/JtT/  ^i.TfTZ/OJC’^SOQOFT- 
7?otoj^  :5^££7:> -jiZ3  Gf^o:iS  \JEtGHr  —  6'600^- 


/Vo  /  7 

TV  A/7  A  ^  T^QN^/TUD/a^AjL  A’i/lSS 


/'/so/is  /Vo.  /6 
ro  A  /?/sMr  /.at^aaI  V’o^s£^ 


yHU-/8 

C.G.  /ocAr/OAf  r.^  131  O  Twid) 
/R»7T9-r  S/>S£0  ^  J£3 


D£//3/rY  y^^r/rvaA"'^  3000  Ft. 
G^oss  h/r/aAr  ^66ooz3. 
FITZH  - 

KOUr.  ^  BANK - 

YAW  #  TVWN - 


‘n>ciu/re  a'o.  /9 


ro  ^  Ls/^r  /='o'/.:r.£ 

VA'^-^ore 

w~  /3/  o  CHit^  Z)£vs/r/^^7:'-.jfooo/yr 
£D^J^3  <3/?OSS  VJ£/G/¥r''-66O0  £B- 

/90\/£/(' 


PITCH 
ROLL  ^  BANK 
YAWi  TURN 


.^auiTL  NO.  /9 


/?£.:^PONS£  7Z>  /}  LSPr 

VNU-ZB  VNBS-B.07B 

CG.  ZOCJZr/ON-  /3/  O  7>£NJ/r/^£r'^JOOO£fr 

TToro/r  .S-PCED-^^ZB  GBOSS  VJ£/&/Z7^G6O0  IB- 

HO\/£/e 


PITCH 
ROLL  ^  BANK 
YAWi  TURH 


prrcH 


/^/OL//^£  ,yo-  ZO 


/rc^^A/SS  ro  D/A'£Cr/CWy9’L  y^i//.~5£- 

V//0-/S  S6~^  7& 

CG  /oc/ir/oA/ ^  I S/.o  O^ind  /  r/  /}l Ti rUDt  ^3000 FT. 

/^oTTdF  Jr£FD^3Z3  GKoss  'tJEl6HT--66UOlS. 


/VO-  zo 


ro  D//i'^CPOfVj9jL 

y/^u-zs  ^y^/S6-Z07e 

CG  locyi rto/z ^  IS/  a  C^iri)  JXEMS  /  r/  /}l T/ rUD£  ^3000 F'T 
/fo7~0/^  0P££D'^3Z3  GKOSS  'tj£l6HT--66UO Ilf, 


F^/TCH  - 

flOLLd  BANK 
y\w  i  TJRff 


r/GUrr  AV>  2! 

/r’^5f^^s£  To  A  /.£rr  2D/r£r<z7yoA//?z 

>  £C!-/3 

CG-  /.oC/ir/e7A/-- /J TO  Cmtd)  J)€NSir/  fiLTirups-^ 
/^cTOfr  Jree-D  az^  Ghoss  '-  ^60i 

T-TO 


7-/AtS  -  5£CCATDS 


r/cu^£-  /VO  2 1 

/r£y^/‘/j5£  roA  J-£rrr  D/rArar.oA/Ai 

///U-/3  Va/<0-j2O7S 

ZG-  Zo(^fir/0A/^  /J/ o  (/^/d)  DCfJSir/  ftLTt'rVD£~~'JOOCPr. 
■'^c-rof?  Jf^££T:>  ~  £/.  ■"■  GfJo&s  VJ£I6HT  ^  ^600  Zff. 

vrx’ 


p/TC/i 

ROLL  (.  BAUK 
'^AW  i  7URH 


v»  N 

Hi 

^ 


fc5 

M  Nj 
cyl  5 

^1 

1^ 

1 

il 

vj 

X  0  <  u  <3 


42 


9^C 

A/wjtyif9f999y  iinn/t9A/y 


crojC/TTea^  S£'jusj77y/7-y 

ti/-/a  .  .. 


1 

s 

1 

...1 

1 

1 

’jr 


OfY 


<^OAJr/sol  ..PCsmO' 

yM/0’\s  '  \  ' 


Uva.  ^i-^-  »!  7<oqj.3 
Av^.  c  S-  ♦  /■io  Q  (A/fO} 


I  /r/a.  A/O 

ST/jT/c  Cf/^^cr/cO^z 

y^fo-za  I  I  i  ,  !  '  '■  ■' 

I  .  '.,1.1!. 

I  i.  ^-i  ,  i'^i 

.  sooG/cr:  ,  , .  j.  .;,.  '| 

AS,  ,.  ..‘...i  'i  ..., 

aysczs'>/S9^sCz^/o)  |  , 
Icvovt/  T  SS3  i  :  '  J.. 


1  •1 

I  1 
I  • 

i . 

■ 

r* 

"• 

j.— 

t 

t 

(.. . 

1 

<*la 


4:f.hf.>\7tto6ca  ■! 
C<r- 

///  e^au/^a-sr/r^r,  ‘ 


4Sfy 

1 

_ i 

APPENDIX 


Sttn»ral 

alrcrjilt 

Information 

DIMENSIONS  AND  DESIGN  DATA 


Overall  Dlmenaione; 


Flight  Llmtta: 


Aircraft  Iciigth  (noic 
to  tail  akid) 

Aircraft  length  (rotori 
turning) 

Width  of  ekida 
Height  (to  top  of  turning 
tail  rotor) 

Height  (to  top  of  rotor 
maat) 

Main  Rotor: 


Number  of  bladea 
Rotor  diameter 
Rotor  aolldity 
Swept  area 
Blade  area  (each) 

Blade  chord  (root  to  tip) 
Blade  airfoil  (root  to  tip) 
Flapping  angle 
Collective  pitch  angle 
limlta  (at  75  percent 
radiua) 

Preronlng  angle 

Tall  Rotor; 

Number  of  bladea 
Rotor  diameter 
Rotor  aolldit/ 

Swept  area 
Blade  area  (each) 

Blade  chord  (root  to  tip) 
Blade  airfoil  (root  to  tip) 
Blade  twiat 
Flapping  angle 


Forward 

Sta.  125.0 

39.5  ft 

Ait 

Sta.  138.0 

Rotor  hub  centerline 

Sta.  131.9 

54  ft 

Deaign  minimum  rotor 

8.4  ft 

apeed  (power  on  and 

power  off) 

285  rpm 

14.7  ft 

Deaign  maximur  -  rotor 

apeed  for  continuoua 

12.  5  ft 

operation  (power  on) 

323  rpm 

2 

44  ft 

0.0509 
1520. 5  fr 
38.3  ft^ 

21  in 

NACA  0012 
412  deg 


0  to  412  deg 

4  deg 


Maximum  governed  rotor 
apeed  for  teat  aircraft  323  rpm 
Maximurn  rotor  apeed 
for  autorotation  330  rpm* 

Structural  limit  rotor 
apeed  (power  on  and 
power  off)  356  rpm 

Limit  dive  apeed  168  KTAS 

Deaign  maximum  alde- 
ward  apeed  30  KTAS 

Deaign  maximum  rear¬ 
ward  apeed  30  KTAS 

^Changed  to  339  rpm,  Reviaion  A  to 
Deaign  Specification. 


2 

8.5  ft 
0.105  , 
56.8  ft‘ 
2.98  ft^ 

0.  7  ft 
NACA  0015 
0  deg 
48  deg 


Control  Travel; 

Cyclic,  full  forward  to 

full  aft 

13  In 

full  left  to  full  right 
Pedal,  full  left  to  full 

13  In 

right 

Collective,  full  down  to 

7  In 

up 

12.2  in 

Gear  Ratloa: 


POWER  PLANT 


Power  turbine  to  engine 
output  ahaft  3.  22  to  1 

Engine  output  ahaft  to 
rotor  20.37  to  1 

Engine  output  ahaft  to 
tail  rotor  3. 97  to  1 


The  teat  aircraft  waa  equipped  with  a 
Lycoming  T53-L-5  gaa  turbine  engine 
S/N  LE  03007.  Thla  engine  la  dealgned 
to  produce  960  ahaft  horaepower  for  take¬ 
off  at  660C  rpm  (engine  output  ahaft  apeed) 
with  aea  level  atandard  day  condltiona. 


For  thlg  test  the  fuel  control  was  trimmed 
so  the  engine  could  produce  1 100  shaft 
horsepower. 

A  torquemeter  is  installed  Integral 
with  the  reductipn  gearing  of  this  engine. 
Torque  is  found  by  measuring  the  difference 
between  the  torquemeter  hydraulic  pressure 
and  the  inlet  housing  pressure.  Lycoming 
calibrated  the  engine-torquemeter 
combination  prior  to  delivery  of  the  engine. 
The  results  of  this  calibration  are  present¬ 
ed  as  Figs.  1,  2  and  3  of  this  Appendix. 

The  torquemeter  calibration  (Fig.  1) 
was  used  to  determine  power  during  the 
test  program. 


SYSTEM.S 

General: 

The  rotor  and  control  systems  and 
the  engine  fuel  control  are  essentially 
the  same  as  those  of  the  earlier  HU-1 
series  which  is  adequately  described  in 
AFFTC-TR-59-33. 


Transmission: 

The  transmission  consists  of  a 
single  *tage  bevel  gear  and  a  two  stage 
plar.iary  gear  train.  This  unit  is  con¬ 
nected  to  the  engine  output  shaft, 
through  a  free  wheeling  unit,  by  a  short 
drive  shaft.  Engine  output  shaft  rpm  is 
reduced  to  main  rotor  speed  at  a  ratio 
of  20.  37  to  1. 

This  transmission  is  designed  to 
transmit  1100  shaft  horsepower  at  6600 
rpm  power  turbine  speed.  Near  the 
end  of  the  program  the  transmission  was 
limited  because  of  a  failure  during  the 
transmission  qualification  runs.  At  the 
time  of  this  writing  the  following 
restrictions  are  in  force: 

990  SHP  at  6600  rpm 

120  knots  maximum  indicated 

airspeed 


WEIGHT  AND  BALANCE 

The  test  aircraft  was  delivered 
partially  Instrumented.  Therefore  the 
aircraft  was  weighed  fully  instrumented. 

In  this  condition  the  aircraft  was  found 
to  have  a  basic  weight  of  4870  pounds. 

The  center  of  gravity  was  at  station 
138. 7. 

Tests  were  flov.'n  at  weights  ranging 
from  5800  pounds  to  the  maximum 
internal  load  of  7660  pounds.  Most  tests 
were  flown  at  a  station  131. 5  (mid)  center 
of  gravity,  however  two  tests  were  flown 
at  station  125.0  (forward)  and  one  fllgii' 
was  made  with  the  center  of  gravity 
located  at  etatlon  138  (aft). 

TEST  INSTRUMENTATION 

The  Instrumentation  used  during  the 
tests ‘was  supplied,  calibrUed  and  maintain¬ 
ed  by  the  Instrumentation  Branch  of  the 
Air  Force  Flight  Test  Center.  The  follow¬ 
ing  sensitive  instrumentation  was  installed: 

Cockpit  Instrument  Panel; 

Rotor  rpm 
Gas  producer  rpm 
Exhaust  gas  temperature 
High  torque  pressure 
Low  torque  pressure 
Outside  air  temperature 
Total  fuel  used 
Airspeed  (ship's  system) 

Airspeed  (boom) 

Altitude  (boom) 

Angle  of  sideslip  (boom) 

Rate  of  climb 
Stopper  Motor 

Photo-Recorder: 

Outside  air  temperature 
Compressor  inlet  temperature 
Total  fuel  used 
Airspeed  (boom) 

Altitude  (boom) 

High  torque  pressure 
Low  torque  pressure 
Combustor  static  pressure 
Compressor  discharge  total  pressure 
Tailpipe  static  pressure 
Rotor  rpm 
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Gas  producer  rpm 
Compressor  Inlet  pressure  static 
Bellrnouth  Inlet  total  pressure 
Compressor  discharge  total 
temperature 

Exhaust  gas  temperature 
Clock 

Event  marker 

The  following  parameters  were  recorded 
on  the  ooclllograph; 

Airspeed  (boom) 

Altitude  (boom) 

High  torque  pressure 

Pedal  position 

longitudinal  stick  position 

Lateral  stick  position 

Collective  stick  position 

Angle  of  bank 

Angle  of  pitch 

Angle  of  turn 

Rate  of  pitch 

Rate  of  roll 

Rate  of  yaw 

Angular  acceleration  in  pitch 
Angular  acceleration  In  roll 
Angular  acceleration  In  yaw 
Total  fuel  used 
Rov'>r  rpm 


i 

3 

( 

I 


* 

« 
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i 
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TOST  DATA  CORKI‘'CTCn  TOR  INJ'.TRUMKNT  KRltflR 
YHU-IB  USA  S/N  $l’-207h 

Pilot  CyfPr  _ . 


Tost  FllRht  No.  -4-  Data  vT c^e/^O 


ESGW  i>  lb.  FSW  _ Ib/eal. 


Point  No. 

WB 

/O 

// 

/i. 

/3 

yt> 

Altitudo  (Boom)  ft. 

:7/7a 

^/7C 

J/Jo 

Skid  Height  ft. 

■■■ 

■a 

Oross  Weight  lb. 

C:>3iO 

199 

4>iSo 

999 

Thrust  lb. 

'  ■  "  "  1 

B 

IAS  (Boom)  let. 

MMi 

•i'/O' 

S'/  < 

S/o 

J'AO 

;|||^^9 

TiM  mintsec. 

a.^SJ 

RS 

a:  St.  7 

WHW 

f 

Fuel  Used  gal. 

cT// 

^"1,1 

gag 

wm 

m 

percent 

HHH 

mm 

Rotor  ipm 

B 

High  Torque  Prass.in.Kf 

Low  Torque  Press.  ln.H{ 

■qat  *^C 

/7  iT:)' 

/rgs' 

RSBO 

Rg9 

Tt^  'C 

TtV  'C 

ai 

Pt/  in.IUO 

mm 

Pfl.  in.H«0 

mm 

Pa*  1ft  Hg 

B 

P^  in.Hg 

Tt,  'C 

Altitueto  (Ref)  ft. 

/^vx>fx-  Ls/lfcr// - /^r. 

WfSBi 

3SgO 

PR9 

es9 

bb 

mma 

m/M 

sai 

■■ 

BE 

Rsiurks 


T'vSV  DATA  CORiJi'XTIiD  fX)R  liJSTIUJMENT  KFDtOR 
YHU-ID  U3A  S/M  5*  -207(' 


Pilot 


Dato  cf'^c/ 


Ib/cal. 


Point  No. 


Altituda  (Boom)  ft. 


Skid  Height  ft. 


Orosa  Vteight  lb. 


Thnist  lb. 


IAS  (Hoorn)  kt. 


Tima  mlnissc. 


Fuel  Used  gal. 


Nj  percent 


High  Torque  Pro as. In. H 


Low  Torque  Press.  laH 


in.HiiO 


Ps.  in  Hg 


Ptj  in,Hg 


Altitude  (Raf)  ft. 


/'/  \  /S  \  /^  \  JC  \  I  ^3 


J/JC  I  JJ3o  I  J!/So  I  I  J?/So  I  j/a'o 


t^U33  I  i>lS6'  I  i>/70 


3/.0  I  J6  '.c 


3rz 


/J/  /Jl/ 


o  37. 


SC.  /I  ^S.a 


/77y\  /773\  /77. 


jo9y 

je>vs 

Jtc96~ 

Remarks 
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TKSr  DATA  COrtUKr.TliD  FOR  INIITUrriKHT  KRliDIl 
YIIU-UJ  Ur.A  3/M  i;{'-207t 


Pilot 


(Syfpr 


Teat  'Sf^L'co 
ESGW  76,^^' 


Point  No. 


Altltudo  (Boom)  ft. 


Skid  Haight  ft. 


Orcss  Weight  lb. 


Thrust  lb. 


IA3  (ifcom)  kt. 


Tima  minisec. 


Fuel  Used  gal. 


percont 


High  Torqua  Proaa.in.Hfl  ^ 


Low  Torqua  Prasa.  iaH 


Flight  No.  ^ 


^ 3 


Dato  Ot./  C> 
Ib/gal. 


7/^0  I  73 /S 


74 


74^0 1  747a  I  747a  I  7i,/o 


7447 


^L.o\  g'Sal  7S'.o\  70.0 


37.e>l  470 


.  6  .7f>.S  \  3/  ^  37. 


-SVi  /I  74  3  \  7a. 7  \  7/  A'\  477  48.7  \  89.6. 


3:iZ  343.  jW  5'  o-  3^3  \3M.S  3j3 


^■/i  773  78, 4  83,7  I  4/.  / 


437^  I  y/F  I  44.0 


TU  'C 


Pt/  in.HjO 


P*.  ifuHg 


AlUtoda  (Ref)  ft. 


/C.  /C 


y  f  I  /ja. 


//4  3 


■44.3  I  ‘33.41  -ns. 9  I  -3S.8 


//J.f  I  //7./  I  /33.37 


3/9  I  JIAC 


Hsmarka 
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n-ST  DATA  r.orii<i'.CTi*:D  foh  khiior 

yilll-lB  USA  f/N 

pilot  C4Pr  ff/ILf'C 

Ti^  SI  t 

Sp.:e6  Flight  No.  S 

Da  to  /  4»o 

ESGW  _ 

76  7-7-  lb.  FSW 

_ Ib/gal. 

Point  No. 


Allituck)  (Boon)  ft. 


Skid  Haight  ft. 


Oross  Vteight  lb. 


Thrust  lb. 


IAS  (Boom)  kt. 


Tina  nlntsec. 


Fuel  Used 


%  percent 


3/4  S 


High  Torque  Press. In. 


Low  Torque  Press.  ln,H 


/O 


mo  I  7/3Z 


33 


Tt^  C 


PV  in.HsO 


Pt,  ln.Hs 


AlUtuds  (Ref)  ft. 


■26.b-\  -2 


^2c.o\  /zjy 


Ro narks 
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;i)  '•'OR  JN.'iTItnMKNj"  KKlCI-jR 
.  'J/U  i;(-2()7<' 

_ » 

Flight  No. 


FiiW 


Onto  /3^r/ 

Jb/nal. 


TK.ST  DATA  C0IU?KGTI:D  FOR  INSY.UJMliNT  ERTOP. 
YRU-ID  USA  S/M  5<'-i:07b 


Pilot 


Tisst  S  £  D 


C4Pr 


FllBht  No.  _ ^ 


Date  y4  Oc/C-o 


63CO 


SO  Ib/eal. 


(^,13-7  6>X07  I  C^l70 


Point  No.  •  /  I  JS.  I  3 


Altitudo  (Boom)  ft.  gojzc  21^0  \  |  y6?o  | 


Skid  Haight  ft. 


Oross  Weight  lb. 


Thrust  lb. 


IAS  (Boom)  kt. 


Time  miniaec. 


Fual  Used  gal. 


Nj  percent 


9 


Tcjro 


i,tS3  i 


//J  \ /as.A  9^.!r\  fS-  \  7C  I  ^9.s-\  ^ao\  s'y.o 


^/3.S  3.'3.S'  S/S-S" 


High  Torque  Prose. in. Hd  //^  o  \  Zacs'  94.-4  73.o 


Low  Torque  Press,  la  Hg  ^a.aj  j  4^.3 


4^.3  4/.C,  \  4c.  f  \  Jr7.y\  J9.0 


in.HsO 


Pfl,  ln.H,0 


Pa*  iftHg 


P in.  Hg 


Altitude  (Ref)  ft. 


ssy  j-f/ 


f/4c 


‘oa.ci  -jc.rl  -ac. 


'/.Z  1  /csjr 


zzssX  yA».s\  /o4s\  ycz.9\  zc/.z 


S. 


Ti'.ST  DATA  roiiir-T.?)-:!)  Ki'ic  kuci^h 

Yiiu-'’!'  D.T/i  "/M  ‘Jl'-2()7h 

I’l'oL  _ 

^o^£'X _  Fllf;lit  No.  y/ 

C3^_o _ lb.  Ff!W  ^ 


Da  ho 

_ Ib/nol. 


Rn marks 


_ ^ 


-iKST  TATA  CORIIKCTIID  FOit  INr.TFJ'MIiNT  KRIOII 

y»u-in  ufiA  3/n  $i'-207i' 


Pilot 


Point  No. 


Altitudo  (Boom)  ft. 


Skid  Hilght  ft. 


Gross  Vfeicht  lb.  I 


Thrust  lb. 


IAS  (Boom)  kt. 


Puol  Used  gal.  j 


Nj^  percent  |  ^(^4. 


3/4- 


High  Torq\w  Pro  as.  in.  jy.  ^ 


Low  Torque  Press.  in.H 


Fliglit  No.  _jji> 


Da  to  ^4-  i  o 


Ib/gal. 


T%i  iiulUO 


~3S./ 


y/4.7 


Rq marks 


TK..T  f)AT/i  CO:’ra’.Cli;()  Kiiii  JN.'iTitl  MliNT  i'.itiOJlt 
vniJ-lI)  liliA  S/fl  $i  -20?' 


Pilot 


C’ytpy 


To  Tit  y5/>£^s/> 
RSGW  ^  T'^^O 


FlJji’iit  No.  /3 


i 


Point  No. 


Altltudo  (Boom)  ft. 


Skid  Hoight  ft. 


Gross  Weight  lb. 


Tnrust  lb. 


IAS  (Boom)  kt. 


Time  mlrusec. 


Fuel  Used  gal. 


N^  percent 


p  Rotor  rpm 


ii.ze 


Babe  yj-gc 
]b/g.il. 


/39go  I  /S9a~o  \  y^fa/o  I  /^090  I  /SfTS' 


\  -^/.o  3  \ 

77.  j.  j  /■/»'[  f3./  j  rj.u  rs-,/ 

J9S-  di9C  -39 


High  Torque  Proas. in. Hf ^  ^  ?r/^  I  gy.3  _£5l / 

Lew  Torque  Piusa.  ^g  g  j  j7_z  Si.io\  3C..i, 3i.3 

-  7  I  '  jr  I  -  2^1  -  y,  jr  \  .  ^  -  g 


^70  ii~o9 


Ftu-  in.H40 


Pg.  In  Hg 


Ptj  in.Hg 


Altitv'*.  (Ref)  ft. 


-//  -/ 


-/.Z 


■J3.7\  -g».7  -.assl  --tr. 


J./7 


a/f  si»^ 


Re marks 
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Hv'iT  DATA  CORiiKCTT;n  FOR  INSTKUHI'CT  KRKnP. 

yiiu-m  ii.oA  z/u  i)'i'-207»' 


Fllot 


OS' 


Point  No. 


Altitu<io  (Boom)  ft. 


Skid  Hoight  ft. 


Gross  Weight  lb. 


Thniflt  lb. 


IAS  (Boom)  kt. 


Time  min » se  c . 


Fuol  Used  gal. 


Nj  percent 


p  Rotor  rjim 


High  Torque  Proaa.ln.H 


Low  Torque  Proas.  In.  H 


Pt,-  ln.HiO 


e 


Ptj  in-H* 


Altitude  (Rsf)  ft. 


Ctyr  _ 


Flight  No.  /f 
FSW  i.zr 


^IS' 


3Ai.S-\ 


/o  \  y/  \  yZ, 


3i,oO  I  3ii,0 


S-S-J2,o  I  d'49o 


y^ 


j-a.3 


fL.7 


Si3.S-  JZt.S’l  3J3 


I 


y3/.s 


//f. 


a/t 


3370 


9i.\ 

1 - 

1  7f.3 

S6.7 

1  S39 

y9S' 

L 

33.9 

a/.r 

-/r/ 

wxm 

■3i.Z 

-3f.S’ 

/37.3 

y/3.7 

339 

.3/0 

SS-JS- 

3C»e 

3<f.r 


■0.3Z 


•33.Z 


yj/S- 


Oat/j  ^s-  Oe-t 
Ib/gal. 


Ro narks 
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f 


t  i:ata  i  i  H)1' 

Niiii-iii  ir:A  n/;4  !,'!-?(/// 

Pilot  _ _ ^ 


To.st  <2<L/V]e^r/OA'  rilfiJit,  No.  _  ^ 

I  fcv.w  lb.  F.;w _ ro/f;ai. 


Point  No. 

/ 

2 

9. 

. 

S 

7 

? 

Altitudj  (Down)  ft. 

3770 

3S3o 

3700 

4700 

3700 

3920 

Skid  HjiRht  ft. 

OroEc  V.'clftlit  lb. 

Thnist  ib. 

1  _ 1 

Li.S  (Doc-.)  kt. 

Tlir.0  min:  sec. 

/  .  /  V  ss 

i'lfl 

/:/3.S- 

/  /L.f 

/.  /9  r 

/:20.r 

7:2ssc 

/:27.7 

Fuol  Usad  Kal. 

3  O 

2.0 

/.y 

/.S 

y.S 

/■  s 

AS 

AS 

Nj  percent 

‘/r/ 

^7/9 

9o.‘i 

S9S 

ry.s- 

Ck 

Nj^  Rotor  rpm 

32  3 

323.S- 

323  S 

329.S 

221.S 

329.  S 

High  Torque  Preaa.in.Hg 

/3a~a 

7/9./ 

77^ 

99.-7 

9o.c 

97./ 

-  *  ^dL 

_S3  7 

Lo;/  Torque  Proaa.  in.  Hp 

Sf.i. 

S4  9 

SOS 

9>-o.3 

49? 

99? 

99.0 

97» 

QAT  ‘C 

-X? _ 

2Z. 

2  2. 

J/.S 

J3  t 

a  / 

Tt.,  “C 

S7Z 

■977 

f'7.2 

■9iZ 

4SZ 

49Z 

^■9/ 

23 

77/ 

2/ 

2/ 

2/ 

oZf 

2/ 

?U  in.HaO 

-a.x 

_ 

■  i.  ! 

-0.  ! 

0 

~0.  ! 

-  o.i 

•0  3 

■  0.4S 

Pa,  in.HaO 

Pa»  1ft  Hg 

Ptj  In-Hg 

m  "n 

Hj 

AltUucte  (Raf)  ft. 

4*70 

3930 

3930 

3730 

3730 

37SO 

3740 

.X40 

Ru marks 
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'iivST  !)j(T/\  roit  jWSTiiui;  .ijt  KiODit 

fiiij-ii)  ur^t.  r,/ti 


•iv.sT  t^ATA  coni'Krrn)  for  inf.trdhI'NT  kriotmi 
li"A  ?>/n 


Pilot 


Tiijit  £'A'c^r^£ 

KSGW  _ _ lb- 


Point  No. 


AltitucVi  (Boom)  ft. 
Skid  IlrtlEht  ft. 


Gross  'rfolght  lb. 


Thrust  lb. 


T«c  irf 

.Ukl*  ftUt 


Fuol  Used  ^al. 


N^  percent 


Flilfni  No. 
FSW 


Ib/c.'vl. 


Jf  \  ^9  \  <JO  I  3/ 


/32oo 


A  V.Z  3 

/:/7  3 

/  /to 

/:/3  6 

/  O 

.<  o 

/.  o 

/.  S 

^6.6' 

r/f  M 

f4S 

99.^ 

3S3 

333 

KSM 

330.  S 

SS.4 

S4.S 

9A.  « 

4«  z. 

3f  4 

31.9 

4/ S' 

/:97M 


/.S’ 


Ptu-  in,H,0 


Ps*  ia  Hg 


Pt-  in.Hg 


/S'.  S'  /s 


9S7 


/S'  /S 


S-.S' 


49 Z  i 


Altitude  (Ref)  ft.  | 


RomarVa 


■fl.oT  OATA  C;Oi'i''!*rT';i!  n)K  JWnTlM'H'OT  KlUOR 

•niii-'j.ri  r>r.\  r^/u 


Pilrt 

To  Jit  .  igVcv,r 


^  r  /  V  /#  /  r  r 

Flj^lit  No. 


p.3g;v _ 

point  No. 


AltltuuO  (Boon)  ft. 


Skid  Hdlght  ft. 


Gross  Weight  lb. 


Tivrust  lb. 


xAS  (Boom)  kt. 


Tina  mlnisec. 


Fuel  Used  gal. 


High  Torque  Proas. In. H[ 


•JM  Torque  Proas,  in.  Hri  3s.2. 


mw^xmam .  aew^^m. .«  j  ■ 

.y3  33 


Pfj  in.H/0 


y.JS:  s'  1 

MtU 

/o 

/.o 

<^y  A 

WBSBk 

I.A 

.T_v  ,r 

3i3.i' 

(i/A> 

S-9.S' 

S4  3 

34.0 

■4.0' 

.± _ 

y’//.  I 

^  1 

J' 

jllQI^I^IUIII 

-0.£- 

l)-lt/3  /  (So 


H./gr.l. 


Altltu^i  (Raf)  ft. 


RsMurka 


I 


n.'.v.'  r.‘tr:n  !'<,■?  z;!;!  Kitiwii 


Flit' I,  _ t'/ _ _ 

Ter. t  / Cr/V£R^O  ;  .li^ht  Ho.  _ 


E5GW _ 

^olnt  No. 


^  ij  ^ 


Ib/cal. 


Point  No.  _ j  I  I  •^’' _ 

Altitudo  (Been)  ft.  |  JJrj-  JJfir  :?sao  ! 


Skid  }fcilght  ft. 


Oro.TO  Volc'ht  lb, 


Thruat  lb. 


IAS  (Bcoin)  kt. 


Tina  mlnjrae. 


P«ial  Ucod 


High  Torqno  Pi.ir.i.ln.l!, 


I.otr  Torquo  ®Jraoa.  in.  H; 


PIT  C _ 

-^■r-i— - 

Pt^  ln.H*0 


O  I  S'-/.  ^ 


S^.e\  3'9.o\  arr.  *»  I  .5-f.  o 
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IXfiT  DATA  CCRI<KCTi:n  'OR  IH.STItllHKNT  ^-HUOit 

ytiu-jn  ufA  s/N  Si-201‘<' 


rS7-flCI^^ 


oiclllut  oni  which  w«r«  pr>>«nt  in  th«  HU-1  .  Control  ooclllollonc  which  woro  prosoni  in  iho  HU-1  .  Controi 
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.  ^  ^  c 
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.  *  «  o.r  t 
i  5-2~  I 

•  •  ^  •  JB  5  •  a 

5^1 


’2i»  ie“‘ 
!'“! 
01  M  9  ^  * 

“■£  a  « >-5.:  Js 

•  w  "  u.:: « 

«  o-“  2  02.5  “  ; 

«;.!•“  5 

c  5  < 

Sr-s^ix  •  •  * 

•  «  2  •^i_  ■  »  : 

!:a j  X  Xv.  o ^  : 


•  ^  i  c 


i->-  2«' 

'  i  »  I  »'o 
.  *-£2  -  ^ 

■  *  e  o  o- 

£;  5.-;^ 


»  0  •  •  2  » 

Jo  • 


£-  5* 

—  •■» 

•  ■“  •  m' 

•>-o  O  C  I 

#■:  1  •- 


■=  *  2-T-  2  •i' 

e  o*  o3  £  S'"  « 

Z • ?SI =  £  S  2 


J  •  ;  J  o 

:  c  »  w  • 
o—  a 

B  C  —  O  • 

e  Im  m  "z 

o 

-  •  . 
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Hi-' s 


:  »^5  t  aC  e 
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ii  i-»  s 

:;i-  -21! 


;  •  »  e" 

5^=!: 

’s:?. 

•  ’  *  Si 

-j  u  i  a) 

Sj-si' 

o- 

Z  OiO  •" 


•  •  a  e 

•  9  ^  e 

•c  e  f,  %0 

-» ? 


tl  e 

il  I 

.  • 


•■5  J-C  s  S2 

•  a  «  “  k  ;  “ 


o  t  »  - 

£^  Si  2^ 

•  £  2Z  •■= 


?  0  ?  S  o3f 

•  wO  •  •>- 


‘  >■£  I 

•  Ob 

?!5! 

sx  i  2 


■-i  •** 

“2  >*i!*  •- 

E  •  S  «  o 
•£-  -  >. 
’  e  o  o£ 

EZa^S 

k  I  0  o  2 

O  * 

\ir>i 

90  e:^  S 

•  oi^r  c 

JK  0  ^ 

„  K  9. £ 

..-1  ^  -o 
e  ^•.c- 
B  ^  I  a  o 

jl-z 

ajw  w-t- 
0  0  ®  -o 
1.  «  o  c  ' 


•  fL  a  ^ 

^  a  «•  X  } 
o.  .  «t  a  o 


2".l  S  S: 

•  "  ®  cr"* 

«  u  U  •  Ok^ 


i  rs  r-* 

'  •^  0  ®  >-c 

» *0  ®  — 

•  ®  Co. 

I  •  c  b  *:  •  o 

•  k  0  --  0  O. 

!  E  =  SS  ss 

iki-®:  «.2 

..  0  cis  s  a':: 

,  - e 

;  o  r  1 1  = .? 
L»s=:  i- 

r  si o  -  „ 


.  <»w-«  ;  -  z 

=  *T  •.;  S 

■-  ?=:  Jz  “ 

■  ^  S  z  S  - 

»  o ;  or’ 

•  o-z  il  i- 

:  2 . £ ; ?o 

-  “-ix  «•“  - 

'■£  >  o-".£  J  I  • 

*  *  m  O.—  O  *•  — 

.Swvev  >”e 


»  '  -c 

95  >.  9  0 
-  Z  —  j: 


,  -  «  a. •  I 

.  S  2 J-  S  ' 

■  •  •*x  5  ' 

•  e  >  o  2  ' 

»■ 

I'i---  si 
'  '  S?  0 

’  Ok  y  Z  e  i  , 


,  J  ^  .  O 

I  >  to  _w  -  O'  • 
Li  “  O  5-i  • 


,  *  •  c  ^  V  J 

«  c  2  c  2  I 

■5  =  r  H  ?  <»• 

I  -  S  .J  ^  O 

■"  *'  o.  >  W 

a  *  -  t  i  .- 

i:  ,1  ^  aj  S 


:  0  s  ■’  Sz-f 

i  s « ?'  “  z 

i  u  to  Ok>* 


c»  ^  e 

5  "Z 


c  -  a  ■" 
i  r  -  -o  • 

L^wOto-- 

-•  Q  Q  b  .C 

l>  t  t*—  ^ 

'■  4  o  o 

St 

dj:  to  ^  - 

li  o  u  ^  o 


i '  1 

1  •  I  •  • 

«  •  •r 

-«  •  t.“2* 

2  •  t 
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S-'- 


-  •  iS  ?!••■.  i 

•;  ;'-r»;t  1 

Is  !"" 
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:  •.  J*  |z  I 
•  ■•  3  :  S>-  • 
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